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OUR UNDISCOVERED 


ч | 


Introducing Null Physics 


The Science of Uniform and Unconditional Reality 


TERENCE WITT 


* 
Ф 


Theoretical physics has been hopelessly stalled for over 30 years. Moribund. Ossified. The Standard 
Model of particle physics uses over 20 ad hoc constants, and no one knows why they are necessary or 
why they have the values they do. Quantum physics and general relativity remain utterly incompatible. 
Cosmologists haven't the foggiest idea what could have caused the Big Bang or what, if anything, came 


before it. And finally, after over 30 years of effort, string theory hasn't even achieved the status of 
science. 


There is a very simple reason for this catastrophic, intractable mess. Theorists stopped asking why a 
long time ago. Without the why, the search for mathematícal symmetries becomes numerology, not 
science. No telescope or particle accelerator, regardless of its size, is going to tell us why the universe 
is the way it is. When the why's remain unanswered, there ís no understanding. When there is no 
understanding, there is no progress. But this sad situation is about to change forever. 


Our Undiscovered Universe is all about the why. It's an entirely new paradígm, a premise so powerful 


that it can finally answer the most important question of all: "Why does the universe exist? This, in 
turn, reveals many of nature's secrets to a depth and clarity never before imagined. 


Unified „ Rational + Revolutionary + Empirically Validated 


100 years ago, Einstein found a small part of the universe's four-dimensional geometry. Null Physics 
provides the rest of it. After reading this book, concepts like string theory and the Big Bang 0 seem 
positively ludicrous in comparison. Here is a brief glimpse of its sweeping unification: 


b 
> Energy is a three-dimensional substance, and its most basic unit is time-distance?. 
~ Our universe has only a single fundamental constant: its finite, four-dimensional volume. 


~ А black hole's peak density is 1. 2010), kg/m?, about 60 times more dense than atomic nuclei. 


Welcome to 21% century physics 


Are you ready for an incredible journey? 


nullphysics.com 


479 pages, hardcover, $59. Available exclusively at nullphysics.com, © 2007 Aridian Publishing Corporation, (877) 274-3426 
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is our revolutionary 
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planets, constellations 

and more. 


computerized telescope 
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of a button. 
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"Most astronomy vendors giver 
a reason to look elsewhere, bu 


: keeps giving me reasons 10 stay" 2 
— Mike. tA 


OPT has been helping people with 
their astronomy solutions for more _, 
than 25 years. We know'astronomy! ' 


The three golden rules of buying 
a telescope are: (#1) buy the largest 
aperture telescope (#2) that fits your 
budget (#3) that you can pick up.and 
take outside and use! With the 
` largest selection of astronomy :: 
equipment on the planet: our . 
©. knowledgeable staff can help you 
'. make the right choice to begin your 
journey of discovery. 


Craig Weat 
Founder of OPT 


ОРТ Customer Commitment: 
Competitive Pricing. Superior Product Knowledge. and the Best Customer Seni 


ОРТ ) optcorp.com / 800.483.6287 


For Binoculars visit www.optbinoculars.com 
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Human limb regeneration may be on the 
horizon, thanks to a discovery in mice. 
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Scientists and conservationists are battling 
against time to save ma ny penguin species. 


A HISTORIC 


New methods for dating an ancient volcanic 
eruption are forcing experts to rewrite history. 


The Volcano That Lied 
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“A young 
orangutan that 
has grown up as 
a pet in a wealthy 
home has no 
ability to fend for 
itself in the wild.” 


We can now see the smallest units of life in 
action without destroying them in the process. 


At Borneo's “orangutan school,” rescued great 
apes learn how to survive in the wild. 


Awe-inspiring images of our planet as you've 
never seen it—erupting, melting, and more. 


ИМ ORB p.42 8 


Costa Rica's mysterious stone spheres: 
Who made them, how, and why? 


Space junk keeps increasing, and the need 
fora cleanup is becoming more desperate 


High-tech defenses help sailors defend their 
cargo—and themselves—from pirates. 
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Premiere 
Issue 


just wanted to say: What 
an exciting first issue of a 
magazine. l've tried reading 
many science magazines 
and was either bored out 
of my mind or couldn't 
understand half of it. But 
everything in this one is 
worth reading! 

Darlene Swords via e-mail 


I just received your Jan./Feb. issue, 
and I couldn't put it down, This 

is one of the first magazines that I 
found to be intellectually stimulat- 
ing not only to me, but to my family 
as well. The format and pictures 
made it easy for my seven-year-old 


magazine like this to come along! 
Sende ILUSTRATID is full of knowl- 
edge for people from all walks of 
life, I hope it lasts for years 

Gary Truax via e-mail 


I'm so impressed! Scientists may 
have different interpretations of 
events than Christians have, but the 
pictures in your first issue gathered 
in the name of science show God's 
glory all the same 

Anne Weddle via e-mail 


Evolution Eruption 


I noticed that the *explosion of cre- 
ativity" described in "The Great Migra- 
tion" was roughly contemporaneous 
with the Toba volcanic supereruption 
around 75,000 years ago. That event 
reduced the early human population 
around the world to as few as 5,000 to 
20,000, killing off all but those who 
became Neanderthals and those who 
are the ancestors of modern humans. 
John Hord via e-mail 
[Ed: A fair point. But its important to 
note that volcanic eruptions that far 
back are difficult to date accurately, as 
you'll read in this issue's story about the 
explosion of Santorini, on page 46] 


Correction 


On pages 75 and 77, Bitis gabonicus 
is identified correctly in Latin, but 
incorrectly in English. It is actually a 
Gaboon viper, not a puff adder. Puff 
adders are a close relation. 

Peter Kruger via e-mail 
(Ed: Thank you for bringing this to our 
attention, The snakes pictured on pages 
75 and 77 are in fact Gaboon vipers) 


daughter to follow and 
kept her interested, 
Thank you for making 
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a magazine that isn't Web: scienceillustrated.com 
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I've been waiting for more 
than 20 years for a science 
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that we cannot answer 
unpublished letters. 


NEW SUBSCRIPTIONS 
Phone: 800-429-0139 
Web: scienceillustrated.com/ 


Coast, FL 32142-0235 
Phone: 800-429-0139 
Web: scienceillustrated. 
сот/тападе 


8 | SCIENCEILLUSTRATED.COM MARCH/APRIL 2008 


. SCIENCE 


ILLUSTRATED 


Editor-in-Chief Mark Jannot 

Creative Director Sam Syed 

Deputy Editor Jacob Word 

Senior Associate Editor Jennifer Abbasi 

Editorial Production Manager Felicia Pardo 

Translator Jonathan D. Beard 

Copy Chief Rina Bander 

Copy Editor Jamie Scheppers 

Staff Editors Lauren Aaronson, Doug Cantor, Sean Captain, 

Bjorn Carey, Nicole Dyer, Seth Fletcher, Mike Haney, Martha Harbison 
Josh Lerman, Michael Moyer 

Fact Checkers Andrea Appleton, Christina Lem, Jori Lewis, Erika Villani 
Editorial Assistant Amy Geppert 

Designers Patrick Albertson, Megan Larson 

Photo Editor Kristine LaManna 

Web Editor Megan Miller 

Contributing Writers Keld Conradsen, Frederik C. Joelving, Steen Laursen, 
Stine Overbye, Gorm Palmgren, Anders Primé, Lars Thomas 


Publisher Gregg R. Hano 

Advertising Director Rich Rasor 

Marketing Director Pete Michalsky 

Business Manager Connie Lau 

Northeast Advertising Office: 

Natalie Diamond 212-779-5007, Chris Young 212-779-5148, 

Taryn Young 212-779-5030 

Executive Assistant Christopher Graves 

Midwest Advertising Office: 

Manager John Marquardt 312-832-0626, Ad Assistant Krissy Van Rossum 
Los Angeles Advertising Office: 

Manager Robert Hoeck 310-268-7484, Ad Assistant Kate Gregory 
Detroit Advertising Office: 

Manager Edward A. Bartley 248-988-7723, Ad Assistant Diane Pah! 
San Francisco Advertising Office: Matt Bouyea 415-925-6600, ext. 108 
Southern Regional Advertising Office: 

Manager Dave Hady 404-364-4090, Ad Assistant Amy Padgett 
Direct Response Sales Josh Condon 212-779-5580, 

Alex DeSanctis 212-779-5129 

Sales Development Directors Michael Gallic, Nick Jezarian 
Creative Services Director Mike ladanza 

Marketing Art Director Shawn Woznicki 

Consumer Marketing Director Bob Cohn 

Director, Single Copy Sales Vicki Weston 

Associate Director, New Business Andrew Schulman 

Associate Director, Retention Shane Boel 

Senior Planning Manager Randall J D. Logan 

Partnership Manager Mara Sherman 

New Business Manager Cliff Sabbag 

Retention Manager Thomas Matthew 

Publicity Manager Kendra Romagnola 

Human Resources Manager Kim Putman 

Group Production Director Laurel Kurnides 

Production Manager Betty Dong 

Production Assistant Yolanda Tribble 

Prepress Manager José Medina 

Prepress Director Robyn Koeppel 


‘Science ILLUSTRATED DENMARK 

Editor-in-Chief Jens E. Matthiesen 

International Editor Christian Barkgaard 

Art Director Hanne Bo 

Picture Editors Lisbeth Brünnich, Peter Eberhardt 


BONNIER 


CORPORATION 


Chairman Jonas Bonnier 

Chief Executive Officer Terry Snow 

Chief Financial Officer Erik Haegerstrand 

Vice President, Consumer Marketing Bruce Miller 
Vice President, Production Lisa Earlywine 

Vice President, Publishing Technology Shawn Larson 
Vice President, Corporate Communications Dean Turcol 
Senior Director, Human Resources Sheri Bass 
Director, Network & Computer Operations Mike Stea 
Publishing Consultant Martin 5. Walker 

Corporate Counsel Jeremy Thompson 


SCIENCE ILLUSTRATED is published under license agreement with Bonnier 
Publications. Copyright 2008 Bonnier Publications, Copenhagen, Denmark. 


For customer service, please e-mail us at scienceillustratedwebcsa» 
palmcoastd.com. You can also call 866-429-0139; outside the 

US, please col 386-597-4388. Or you may write Customer Service, 
P.O, Box 420235, Palm Coast, FL 32142-0235. 


Version 3 Arabic English English French German 
(American) (British) 
Version 2 Chinese Dutch Greek Hindi Japanese 
(Mandarin) 
Danish Farsi Hebrew Indonesian Korean 
(Persian) 


Think in the language! Our method 
is called Dynamic Immersion?" Vivid 
photos and native speakers help you 
learn without translation just like 
you learned your first language. 


Speak immediately! Start speaking in 
the first lesson with our proprietary 
speech recognition technology. 


Enjoy learning! Improved intuitive, 
Sequential learning makes every 
lesson count and builds progressively 
in a fun, almost addictive way. 


Language Learning Success" 


He was a 
hardworking farm boy. 


She was an 
Italian supermodel. 


He knew he would 


have just one chance 
to impress her. 


The fastest and easiest 


way to learn ITAL/AN 


Italian Portuguese Russian Spanish Spanish 
Brazil atin America Spain 
Latin Polish Swedish Thai Vietnamese 
Pashto Swahili Tagalog Turkish Welsh 
Filipinc 


Level 1 $265 NOW 5188.10 
Level 1&2 $337 NOW 5305.10 
Level 1.283 $496 NOW 5449.10 


Use promotional code ges73 when ordering 


(866) 693-1437 


RosettaStone.com/ges73 


Offer expires June 30, 2008 
©2008 Rosetta Stone Ltd. All rights reserved 


100% GUARANTEED 
SIX-MONTH MONEY-BACK 


RosettaStone 


— 


Coming Next issue on sale April 22 


Giants of the Sea 


Cruise ships are increasing in size every 
decade, and they will soon rival the world's 
largesttankers and container ships. Next 
issue: a tour of the new Freedom-class 
vessels—the biggest cruise ships in history. 


PLUS: 


8 After the big bang: New satellites 
will soon reveal the universe's infancy. 
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8 The science of creative thinking. 
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8 New theory: Are nerve signals 
actually sound waves? 
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nity. Order now while 
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Talk about taking one for the team: To feed their fellow colonists during the dry season—when. 
food is sparse—certain honey ants, known as“repletes,” of the American West, Mexico and 
Australia act as nectar-storage vessels. The volunteers, which are generally the larger mem- 
bers, permanently attach themselves to the hive and wait for honey to be delivered via the 
mouths of their more mobile peers. Repletes then gorge themselves on the sweet stuff, filling 
themselves until their abdomen reach the size of a small grape. When hunger threatens the 
colony, the swollen repletes become stimulated and then regurgitate the nourishing nectar. 
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Better It Than You 


Meet Simroid, the latest in anthropomorphic training tools. Equipped with a mouth 
full of feedback sensors, this robot senses dental-student missteps and reacts in a 
decidedly unrobotic way: grimacing, blinking nervously, and yelping in pain. A gag- 
reflex sensor makes her alert students if tools slip too far back in the mouth. A hit at 
Tokyo's 2007 International Robot Exhibition, where it was presented by Japanese 
robotics firm Kokoro, the android won over onlookers with its liveliness. Human-like 
skin, air-powered muscles and detailed facial expressions all contributed to the 
effect. The creators hope the ‘bot will soon be used in classrooms to teach not just 
dentistry but also empathy for patients, be they flesh or steel. 


MET d 
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Extreme Networking 


Thousands of computer enthusiasts gather in Jónkóping, Sweden, twice a year 
to plug their computers into a single local-area network, thus forming a massive 
"LAN party.’ The most recent event, DreamHack Winter 2007, ran continuously 
from 8 a.m. on November 29 through noon on December 2. It featured gaming 
competitions, product demos, live music and more. Over 13,000 participants 
plugged 10,445 computers into the Elmia Exhibition Centre's local-area data 
network— potentially setting the Guinness world recordfor the biggest LAN party 
in history. Sleeping areas were provided for the weary, and energy drinks for the 
ambitious. Meanwhile, a cooling system used water from nearby Lake Váttern to 


counteract the heat generated by the computers: an output of some three million 
watts from one very powerful network. 
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X-Ray Ac Advancement 


University in Belgium improved upon very-high 
resolution x-ray computed tomography (VHR-CT), 
which allows specimens to be sliced by x-rays 
rather than scalpels. The technique renders 3-D 
reconstructions that can be examined from any 


organs, without damaging the fossil. 
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IN BRIEF In Queensland 
Australia, researchers 
found fossils of 20 pre- 
viously unknown species 
that flourished from 10 
million to 20 million years 
ago. Among the discoveri 
es at the site: a carnivorous 
kangaroo, a tree-cimbing 
crocodile, and a large, 
flesh-eating bird. 


Earthquake 


Lubrican 


‘overy. № 


alc run th 


rock laye 

ily by eact 

no talc buffer, the rock 
and sometimes shift 


creating violent earthq 


Geologists have found talc 
along a 30-mile stretch of 
the San Andreas Fault. 


Space H; 


A discovery may reveal 
how water finds its way 
to the planets 


ASTRONOMY Thanks to a star system that 
lies 1,000 light-years from Earth, astronomers 
have seen for the first time how water gets to 
regions where new planets are born. 

Using the infrared Spitzer Space Telescope, 
NASA astronomers studied the early star IRAS 
4B in the NGC 1333 nebula, which is part of the 
constellation Perseus. A huge cloud surrounds 
the star system, and ice "rains" down from it on 
a warm disk of dust where planets may form. 


The Birth of Water 


The disk surrounds a newly created star that is 
still absorbing surrounding material. 

When the ice hits the disk, it becomes 
steam and then freezes again, turning into as- 
teroids and comets that could ultimately carry 
water to new planets. It is thought that water 
was originally brought to Earth in this way. 
According to NASA, the telescope has detected 
enough water around the star to fill the Earth's 
Oceans five times over. 


Stars are born in a frigid cocoon of gas and dust that eventually collapses under its own 
gravitational force. That causes the pressure and temperature to rise, creating a new star 
surrounded by a dense disk of dust. When ice hits this disk, it vaporizes. The Spitzer Space 
Telescope caught the creation of IRAS 4B as the cocoon collapsed. 


1. Material from the 
cocoon contracts. 


3. Waterhits the disk 
and vaporizes, crea- 
ting an infrared glow. 


Disk of dust 


4. The Spitzer telescope can 
observe the entire process. 
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Scales Can 
Weigha 
Living Cell 


тег the 
ticles work by u 


board-li 


A person can easily stand 
upright in the tunnel, which 
researchers estimate to be 
more than half a mile long. 


Ancient Escape Route 


Discovered under Jerusalem 


When the Romans conquered EM 

the city in A.D. 70, its 2 E. uu " г A m 
inhabitants fled through | EC. af 

a drain tunnel ' 


ARCHAEOLOGY: Fortunately, archaeolo- 
gists don't always find what they're looking for. 
Researchers in Jerusalem hunting for an ancient 
avenue stumbled upon an even greater discovery: 
a tunnel dating to the beginning of the first mil- - 
lennium. The tunnel was intended as a drain, but | 1 C m with a weight of 110 
in A.D. 70, the city's inhabitants used it to flee the v dis à А tograms. (One femtogram 
burning city as the Roman Emperor Titus and his ' millionth of a billionth of a gra 
army reduced most of the city to ruins. 
The well-preserved tunnel is built of massive 
stone slabs that measure more than three feet 
deep and are as high as 10 feet. Archaeologists 
have found numerous artifacts inside, including 
coins and pottery fragments that date to the 


DE WIVN-HTIDZVMOI ЗО LLISU3AINDH23LTV2- MEVS VN 401 WOW 361490012 


time of the Roman siege. Jerusalem's population к 

numbered in the tens of thousands; to avoid E > 5 

either slaughter or slavery, many of the people Most of Jerusalem was left in ruins when the 

sought refuge in the tunnel. city was sacked by the Romans in A.D. 70. New nanoscales can weigh cells 
inliquids—for example, CD-4 
cells in the blood of AIDS patients. 
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А BRIEF) Researchers 
from Yeshiva University | 
in New York City have discov- 
ered thatsome fungi 

adiation in a manne’ 


user 


ar to that of photosyn- 


thesis, in which green plants 
| convert sunlightinto 


/, J, The star Mira [extreme right] ГЕ es 
It S a Comet! It $ а Star! CTI ne nergy. Te mon ОГУ 


tail. Mira is moving so fast 


the fungi take in, the bigger 


I ida | 
It 6 а Comet-Star! that heat generated by its and stronger they become, | 


р, shock wave leaves a kind of 
An ultraviolet telescope finds an unusually cosmic wake behind it. 


fast-moving star trailing a gas tail 


A NASA's Galaxy Evolution Ex- in 2007. The tail consists of carbon, oxygen and 
plorer ultraviolet telescope has discovered other elements that Mira has shed over the past 
a star that is rushing through the Milky Way 30,000 years. It is moving at 291,000 mph, far 
trailing a 13-light-year-long gaseous tail in faster than the stars around it, and has a bow 
its wake. Until now, this phenomenon had shock in front of it, a build up of gas similar to 
never been seen in a star. the buildup of water in front of a speedboat. As 

The star itself, Mira, is well known, but this this heated gas falls behind the star, it hits cooler 
telescope—GALEX, for short—spotted the tail, gases, emitting ultraviolet radiation, which 
which is visible only in the ultraviolet spectrum, GALEX is able to detect. 


Was this 140-million- TESA 
dinosaur an ancestor of birds? 


Researchers 
Pluck"Feathered 


people were killed in natural disasters in 2006, according to the World Health Dinosaur Theory 
Organization, and 134.6 million suffered injuries or loss of property. 


analysis of fossils raises dou 


about when feathers fi 
Previously, researc 
Sinosauropteryx 

that lived about 1 
ago, was clad in"pro 


had evolved to keep 


Ateam of 


| 1 5 South African re 
biologists has 
; have reexamined the fossils 
discovered a 
8 now posit that the characte 
new species of k 
ii SQ he skin are n [ 
frog in a remote marks on the skin a \Ot f 


mountainous regionin remains, but are instead collager 


Colombia. The “golden frog 

of Supatá" is less than an inch long, 
and found only within a particular 50-acre 
area—likely the reason the frog had previously 
eluded scientists. Toxic to most of its predators, Als 
it is one of the so-called poison-dart frogs. 


fibers. (Collagen is a protein 
found in connective tissue.) If 
true, this means that dinosaurs 
didn't develop feathers as early 
as previously thought, and that 
birds evolved from a later 


Ў group of dinosaurs 
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How to Make 
Universal Blood po 


A new process strips donor blood of its antigens — 
xt т ч 


20011 101 ts 


матери: 


MEDICINE An international team led by Henrik Clausen Clausen and his colleagues 
of the Institute for Cellular and Molecular Medicine at analyzed enzymes from 2,500 bacteria 
the University of Copenhagen has developed a method and fungi species. These enzymes have 
that can transform donor blood of any type to type O, the ability to chop up sugar molecules. 
which everyone can use. An enzyme from one bacteria species 
People with type O blood lack the various antigens, in proved especially effective at removing 
the form of sugars on the blood cells' surface, that charac- type A sugar, while another removed 
terize the other blood types. Type A blood has one kind of type B. The scientists then isolated and 
sugar, type B another, and type AB has both. Since our bod- purified these enzymes, which the bacteria 
ies may make antibodies to the sugar groups that are not use to digest sugars, so they can be used 
our own type, only type O transfusions are universally safe, to transform all types of donor blood to 
since they cannot set off a dangerous immune reaction. the desired type O. 


Researchers can now transform 
type A, Bor AB to the universal 


type O by removing antigens 


» Blood types A, B 
and AB each contain 
antigens. People with 
those blood types can re 
ceive blood transfusions The blood 
of only the same type b effectively 
becomes type 
An enzyme that removes the su O whenthe 
gars that make up the specific type's antigens аге по 
antigens is added to donor blood longer present. 


Chimpanzees Demonstrate Genuine Altruism 
— ä a i d ag unt 


to grasp 


would 


ALANA FAINDANRS; FUNUALIUN ALAFUEMC 


The Dutch firm PAL-V Europe (for "per- 
sonal air and land vehicle”) has an- 
nounced plans to bring a car/ 
gyrocopter hybrid to market in 
the next few years. The vehicle 
has three wheels, an automobile 
engine—and rotor blades that 
stay folded up while it's on the 
road, but flip up and extend 
when it's time to fly. It's de- 
signed to drive or fly atupto 120 
mph with a range of up to 375 
miles on land and 340 in the air. 


Until recently, Warming 
Island was believed to be 
part of the mainland. 


i i Global Warmi 
Birds Court with Insect Repellent xci cime 


Unknown Islands 


An aphrodisiac? No, just a way to keep parasites at bay 


ШП аў Crested auklets entwine their necks and on the parts of its own body that it cannot reach IGEOLOGY' The ice on 
rub their bills through each other's plumage when The researchers studied auklets in a zoo and 


Greenland is melting, 


courting. Now researchers from the University of in the birds natural habitat on St. Lawrence Island exposing new, previously 
Alaska at Fairbanks have discovered why—and in Alaska. In both locations, they set up fake birds unknown islands along 
it's not what you think. and blocks of foam with artificial scent. The auklets the coasts. 


When the birds nuzzle each other, they trans- quickly found the scented 
fera citrus-scented secretion containing aldehydes blocks and rubbed their 
that repel ticks. The birds produce the material in heads and bodies on them. 
feathers on their backs, and during court- 
ship the males and females present their 
backs to each other. In this way, each 
auklet gets the insect repellent smeared 


Most recently, Arctic 
explorer Dennis Schmitt 
discovered an island that, 
until now, had been covered 
with so much ice that it was 
only partially visible. The is- 
land was originally thought 
to be part of a peninsula 
connected to the mainland. 
For now, it's called Uunartoq 
Qeqertoq, which means 
^warming island" in the 
Inuit language. 

This is not the first time 
that what appeared to be 
mainland along the Green- 
land coast turned out to be 
islands and it will prob- 
ably not be the last. With a 
27,000-mile-long coastline 
gists dotted with inlets anda 


“Honey, can you 
get my back?” 


Таў An old molar is giving Spanish paleonto 


ng to about. The tooth, found in Spain’s Sier 


э Atapuerca mainland covered with 


This tooth region in 2007, imated at 1 million to 1.2 nd thus 630,000 cubic miles of melt- 
suggests could be the oldest human tooth ever discovered in Western Europe. ing ice, Greenland probably 
that Europe This would confirm what scientists have long believed, that humans hides many undiscovered 
was inhab- were living in Europe as long ago as a million years ago. Scientists at islands awaiting adventur- 
ited a million the Atapuerca Foundation believe that the ancient molar came from ous polar explorers. 

years ago. an ancestor to the species Ното antecessor 
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/ 4 Habitat 


s 


.. Underwater 
` «Homespun 


Asilken"lung" holds oxygen under water 


BIOLOGY The European water 
spider has found another applica 
r its silk. It uses the material 
nderwater tanks, 
ir. The spiders 
3s aquatic 
an hide, 


and lay eggs, living an 


35 unclear if the 


y to create 


ber by monitoring carbon dioxide 
levels. If the concentration got too 
high, the spider would fetch more 
fresh air from the surface by trap: 
ping air bubbles in short hairs on 
their abdomen and legs. 

The study shows that the 
water spider uses the chamber as 
an oxygen reservoir, in addition 
to other functions. Scientists also 
think the chamber could be an ex 


rea or if they used ternal lung, or diving tank, that has 


100—5 helped water spiders to conquer 
d whether a completely different environ 
ment than the one in which they 
originally evolved. The water 
With the help of its silk, the water l 
spider builds an underwater home that 


also functions as an oxygen tank. 


spider is the only known animal 
that collects and regulates air 


er spider 


in an underwater chamber. 


unfit. A new study doesn't say it’s OK to be fat but states 
that being slim alone won't prevent health woes. 


Rises 


Creativity 
with the Ceiling 


Open Spaces Promote Freer Thinking 


PSYCHOLOGY Joan N 


That's One 
Sexy Spacesuit 


When American astronauts return 
tothe moon one day, they may be wear 
ing more flexible spacesuits that offer 
greater mobility than classic models. 
The new suit, developed by Dava Newman, 
a professor of aeronautics and engineering SYS 
tems at the Massachusetts Institute of Technol- 
оду, consists of many layers of textiles molded 
tightly to the body. Dubbed the BioSuit, it's sup 
ported by a ff “skeleton” іп the places where 
the suit does not need to be particularly flexible 


rs-Levy of the 
hu of the 
released 


ity of Bri olumbia 


findings r eight affects 
bjects tc 


and 10-foot 


aling that ceiling 


lems in rooms with 
ceilings was higher, si 
produc reer, more abstract thinking"; low 
earchers conjecture that people 
will tend to feel freer in a high-ceilinged room. 
This, in turn, prompts them to engage in 


more-abstract thinking 
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EXERCISE IN EXACTLY 4 MINUTES PER DAY 


Winner of the Popular Science Award for the 
"Best of What's New" in Leisure Products 


ROM * MANUFACTURED IN CALIFORNIA SINCE 1990 


TIME IS IT. Over 92% of people who own exercise equipment match the user's ability to perform work. It balances blood 
and 88% of people who own health club memberships do not sugar, and repairs bad backs and shoulders. Too good to be 
exercise. A 4 minute complete workout is no longer hard to true? Get our free video and see for yourself. The best proof 
believe for all the people who since 1990 have bought our for us is that 97% of rentals become sales. Please visit our 
excellent Range of Motion machine (ROM). Over 97% of website at: www.FastExercise.com. 


people who rent our ROM for 30 days 
wind up purchasing it based upon the 
health benefits experienced during that 
tryout, and the ROM performance score 
at the end of each 4 minute workout 
that tells the story of health and fitness 
improve-ment. At under 20 cents per 
use, the 4 minute ROM exercise is the 
least expensive full body complete 
exercise a person can do. How do we 
know that it is under 20 cents per use? 
Over 90% of ROM machines go to 
private homes, but we have a few that 
are in commercial use for over 12 years 
and they have endured over 80,000 
uses each, without need of repair or 
overhaul. The ROM 4 minute workout is 
for people from 10 to over 100 years 
old and highly trained athletes as well. 
The ROM adapts its resistance every 
second during the workout to exactly 


Order a FREE DVD or video from www.FastExercise.com or call (818) 787-6460 


Factory Shatsjoom: ROMFAB, 8137 Lankershim Blvd., North Hollywood, CA 91605 
e (818) 301-0319 * Email: salesGFastExercise.com 


T A ROM FOR 30 DAYS. RENTAL APPLIES TO PURCHASE. 


The typical ROM purchaser goes through several stages: 

1. Total disbelief that the ROM can do all this in only 4 minutes. 

2. Rhetorical (and sometimes hostile) questioning and ridicule. 

3. Reading the ROM literature and reluctantly understanding it. 

4. Taking a leap of faith and renting a ROM for 30 days. 

5. Being highly impressed by the results and purchasing a ROM. 

6. Becoming a ROM enthusiast and trying to persuade friends. 

T. Being ignored and ridiculed by the friends who think you've lost your mind. 

8. After a year of using the ROM your friends admiring your good shape. 

9. You telling them (again) that you only exercise those 4 minutes per day. 
10. Those friends reluctantly renting the ROM for a 30 day trial. 

Then the above cycle repeats from point 5 on down. 


The more we tell people about the ROM the less they believe it. | 
From 4 minutes on the ROM you get the same results as from 20 to 45 
minutes aerobic exercise (jogging, running, etc.) for cardio and 
respiratory benefits, plus 45 minutes weight training for muscle tone and 
strength, plus 20 minutes stretching exercise for limberness/flexibility. 


Introducing the world’s simplest, cell phone experience — with service as low as $10 a month* 


“Finally... someone's invented a cell phone that i; 


easy to hear, easy to see, and simple to use“ 


The ſitterbug developed with Samsung". 
It's the cell phone that's changing all the rules. 


For people like me, who want a cell phone that's easy to use. Over the years, cell 
phones have become smaller and smaller with so many complicated features. They 
are harder to program and harder to use. But the Jitterbug® cell phone has simplified 
everything, so it's not only easy to use, it's easy to try. No crowded malls, no waiting 
in line, no confusing sales people, or complicated plans. Affordable and convenient 
cell phone service is only a toll-free phone call away. 


Questions about Jitterbug? Try our pre-recorded 


Jitterbug Toll-Free Hotline 1-800-230-9045 
The new Jitterbug* cell phone makes calling simple! 


* Large, bright, easy to see display and buttons 

¢ Comes pre-programmed and ready to use right out of the box 

* No contract required 

* An operator is always available to help you, and will call you by name 
• Push “Yes” to call directly from your personal phone list 

• Soft ear cushion and louder volume for better sound quality 

* Separate Volume Up/Down button on cover of phone 

* Hearing aid compatible 

* Familiar dial tone confirms service (no other cell phone has this) 
* Service as low as $10 a month* 

* Access help wherever you go 


Why pay for minutes you'll never use! 


Monthly Price 

Included Minutes/Month 

Operator Assistance 

911 Access 
i = Available in a simple 12-button Dial 
Service as low as $10 a month and a friendly 30-day return policy**. If phone and an even simpler 3-button 
you've ever wanted the security and convenience of a cell phone, but never este! prone Jor easy access io t 
i 1 д r choice, 
wanted the fancy features and minutes you dont need... Jitterbug? is for operator, the number of your choice 


you. Like me, you'll soon be telling your friends about Jitterbug®. Call now. Ee 


Jitterbug® Cell Phone „ғ sum 


Call now for our lowest price. 


| itterb u Р, огоот со Уеа "firstSTREET Please mention promotional code 34586. 
— — 1-866-540-0297 


ISTORY MUSEUM, LONDON (2) 


1998 Ruffin Mill Road 22 H 
Colonial Heights, VA 23834 www.jitterbugdirect.com 


"NATURAL Hi 


IMPORTANT CONSUMER INFORMATION: Subject to Customer Agreement, select calling plans, and credit approval. Other charges and restrictions may apply. Screen images simulated. Covers! | 
and service not available everywhere. Copyright © GrearCall, Inc. Jirterbug and GrearCall arc trademarks of GreatCall, Inc. Samsung is a registered trademark of Samsung Electronics America, Inc 25d 
its related ensitics. Not including government taxes, assessment surcharges, and set-up fee. **Applics to phone and monthly service charges only, provided call time usage is less than 30 minutes 
phone is in like-new condition. Usage charges may apply. tAll plans require the purchase of a Jitterbug phone and a one-time set-up fee ($35). tt Jitterbug will work almost everywhere in the U.S. wh 
cellular service is available from most of the major carriers. 


| 
| 


NATURAL HISTORY MUSEUM, LONDON (2) 


Can you really 
behead someone 
with a sword? 


arating the head fro 
the rest of the body in one 
blow demands a strong, sharp 
Sword. The swords of ancient 
Romans, Medieval Euro 
knights and the Japanese sam- 
urai were all strong and sharp 
enough to slice clean through 
the neck. But it's unlikely that 
beheadings happened often 
on the battlefield. In addition 
to a sword's strength and keen 
edge, an extraordinarily 
powerful and well-aimed 
blow is required, Behead 
ings with swords have been a 
common method of execution, 
historically, but more than one 
blow is sometimes needed 


HOW MUCH ENERGY 
DOES WIND CONTAIN? 
It takes energy from the 
sun to set the airin motion, 
and the wind expends that 
energy as it rustles trees, 
pushes sailboats, and spins 
windmills. All the wind in 
the U.S, holds 40 times as 
much energy as current 
consumption, 


What color were 
the dinosaurs? 


In books and movies, dinosaurs are often 
depicted as green, brown or gray, but scientists 
don't know with any certainty their actual skin 
color. Soft tissues like skin are very rarely pre- 
served as fossils, and any pigments in preserved 
skin break down rapidly. We do have fossilized 
impressions of the skins of many different species 


of dinosaurs, however. From these, we can make 
out scales and folds, and it's clear that the skin of 
dinosaurs resembled that of modern reptiles. 
Color undoubtedly played a role in dinosaur 
life, Just like modern animals, dinosaurs had to 
seek out food, avoid predators, and find mates. 
Scientists speculate that dinosaurs used colors. 
for the same reasons animals do today—as 
camouflage, warning signs or sex markers within 
species. If a dinosaur lived in dense vegetation, it 
may have been green or brown with spots or 
stripes to help it blend in with leaves 
and shadows. Dinosaurs in open 
habitats may have had neutral 
colors similar to today's savannah 
dwellers, like lions. 
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1,000 mph: The Earth rotates on its 67,000 mph: The Earth circles the 500,000 mph: The Milky Way Galaxy 
axis, and we rotate along with it. sun once a year as it completes rotates around its center, and we 
Speed is highest at the equator. the 587-million-mile orbit. move with it. 


How fast are 
we moving in 
the universe? 


Even if you're sitting in a chair right now, you're in motion in 
many ways. First, the Earth is rotating on its axis. Your velocity in : : 
this respect depends on your location. At the equator, your | : : t р : 2 2 en 
tangential velocity is slightly over 1,000 mph, but that reduces +. ` -> 1,300,000 mph: Oür cluster 
as you move north or south, and at the exact poles you would | of galaxies is speeding toward the 
simply rotate in place. In addition to that movement, the Earth hese 2 Great Attractor[showrfhere], а super- 
revolves around the sun at 67,000 mph. | o5 duuster that lies in the direction of, 
Our solar system sits іп an arm of the Milky Way galaxy, which | ' thé Centaurus constellation.- | 
makes one revolution every 225 million years. That rotation \ ; 208 Y. = xf UND 
shoots us along at a speed of approximately 500,000 mph. Within 
our local cluster of galaxies, the Milky Way is hurling toward the ward an enormous supercluster, the Great Attractor, which lies 250 
Andromeda galaxy at a speed of about 290,000 mph—on course million light-years away. And finally, we're expanding along with 
for a collision in a few billion years. the universe. But since this amounts to space itself growing larger, 
We're also being drawn at a rate of about 1,300,000 mph to- it's not motion in the ordinary sense of the word. 


Can people feel the weather in their joints? 


s been contradictory, but the latest studies show thatthe cause pressure imbalances in the body that se 
weather /e an effect on painful joints. A 2004 Spanish study The same study found that low temperatures were associa 
worsened pain among rheumatoid-arthritis patients. N 


showed that low barometric pressure—common during thunder- 
around our blood and scar tissue differ in density, so cold or heat ma 


or contract to different degrees. This can result in s 
that are registered by sensitive pain receptors in injured joint 


storms—may have a direct effect on the pressu 
s, tendons and bones, and worsened pain among patients 
with joint inflammation. Changes in atmospheric pressure could also 
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How doesan 
electron 
microscope work? 


Electron microscopes, invented in 1932, allow us to see objects much smaller than 
we can through traditional light microscopes, which have been around since the 
17th century, Because of the interference between light waves, we can't examine 
anything less than half the wavelength of the light the microscope uses. In a traditional 
microscope, which uses visible light of between 400 and 700 
nanometers (a nanometer is a millionth of a millimeter), this 
means that the smallest object we can see is approximately 
200 nanometers—around 1,000 times magnification. 

In an electron microscope, the beam of light is 
replaced with a beam of electrons. Electrons also travel 
in waves, but their wavelength is extraordinarily small. 
Electron microscopes can see objects as small as one 
nanometer, allowing several million times magnification. 


1.An electron gun emits a diffuse beam of electrons. 


2. Electrons pass through several magnetic coils that 
condense the beam so that it is more concentrated. 


3. Near the specimen, other coils ensure that the 
beam scans over the entire sample. 


4. When electrons hit 
the sample, they knock 
some of the specimen's 
electrons off. A detector 
receives these electrons. 


5.This signal is sent 
to a computer for 
processing. The result 
isa black-and-white 
image of the specimen. 


Isittruethat 
eyeballs don't grow? 


Measured from the cornea back to the 
retina, eyeballs are about 18 millimeters 
at birth but grow to 23 millimeters by 
age three. Growth slows considerably 
then, reaching adult size, about 24 
millimeters, by puberty. 

If the eyeball's growth stops too 
soon, a person becomes far sighted 
This causes incoming light to focus at 
a point behind the retina. The person 
compensates by making a constant 
effort to focus, which tires the eyes easily 
and causes headaches. In near sighted 
people, the eye lengthens too much 
from retina to cornea, and incoming 
light comes to a focus in front of the 
retina. Unlike far sighted people who can 
squint to improve their sight, those who 
are near sighted can't see clearly unless 
their vision is corrected with glasses or 
contact lenses. 


Newborn 


DO WOMEN TALK 
MORETHAN MEN? 
Nope women and men 
exercise their vocal faculties 


equally. A recent study 


Showed that, on average, 
both men and women say 
about 16,000 words over 
the course of a day. There's 
alot of variation between 
individuals, though: In a 
study last July of almost 
400 American and Mexican 
college students, rates 
varied from 700 to 47,000 
words spoken daily. 
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Massive boulders sometimes perch atop 
mountains buried under sand and gravel. 


Can you have a star named after yourself? 


€ p will name star after you for a COIT even planet, you can name it anything you 


limits. Astronomers believe there's 


searching. 


ters and 
numt 
ers like SAO 125122. Exceptions to the rule > 
s 
do exist, though. Some bright stars have _--* Rotaner 


ancient Arabic names, and a few, such 


as the two brightest stars in the co 


ation Delphinus [right], have been given 
recognizable names, too. 

These limitations, however, don't cover 
our own solar system. If you're legitimately 


the first person to discover an asteroid, 
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to be revealed - Maybe 


WHO INVENTED THE 
VACUUM CLEANER? 


Englishman Hubert Ceci 


Booth patented a gasoline 


powered machine mounted 
on a horse-drawn wagon in 
1901. Its hoses could be run 
through a house's windows. 
Six years later, American 
James Murray Spangler de 
signed a portable electric 
model, which was mass 
produced by a cousin's hus 
band named William Hoove! 


ata time. 


In the early 1900's, French 
performer Le Pétomane 
reproduced entire pieces 
of music by farting. 


Why do 
we fart? 


Our farts are caused by gas 
built up in the lower intes- 
tines that passes out through 
the anus due to a voluntary 
or involuntary movement of 
the sphincter muscle. Some 
of our intestinal gas comes 
from the air we swallow 

as we eat and drink. Most, 
however, is nitrogen and 
other gases produced during 
digestion. The foul smell 
Comes from bacteria in the 
intestines that release small 
amounts of sulfur-containing 
gases. The average person 
passes gas (whether noticed 
or not) about 14 times each 
day, producing between a 
pint and half a gallon of gas 


over 24 hours. 


All animals need 
rest, but the length 
of sleep varies. 
Seals get by with 
acouple minutes 


Do all 
animals 
need to sleep? 


All animals have periods of rest and activity 
during the day. These biological rhythms typi- 
cally follow the day's light-dark cycle and are 
controlled by an inner biological clock. 
Arthropods, such as insects and scorpions, 
are the simplest animals in which some form 
of possible sleep has been demonstrated. 
They exhibit periods of reduced activity but 
don't seem to show the marked sudden 
decrease in reactions to their surroundings 
that we normally associate with sleep. They 
also do not experience the deep sleep found 
among mammals and birds, which have 
highly developed nervous systems. These 
animals have discrete periods of sleep with 
differing types of brain activity. If they don't 


and immunity. 


rest, their motor functions are diminished. 


The length of sleep needed varies greatly 
from animal to animal. Some scientists believe 
that diet is a factor. Herbivores like horses 
sleep as little as two hours a day, while carni- 
vores like lions can sleep a whopping 20 
hours in one stretch. 

Scientists can't say for certain why all 
animals need rest. One explanation may be 
that sleep reduces an animal's consumption 
of energy and need for food. Sleep also helps 
animals store impressions and experiences in 
memory and has been shown to strengthen 
the immune system. Researchers are working 
to pinpoint the specific links between sleep 


What is fire made of, and why are flames red? 


Flames look like they're material—that they have sub- 
stance—so it's understandable that philosophers in an- 


cient Greece considered fire to be one of the "elements; 


along with earth, air and water. They were also onto 
something when they divided the four elements into 
light and heavy, with fire and air in the former category, 
because flames are nothing more than glowing gases. 
The flames on a wax candle often contain burning, 
vaporized paraffin, while those from burning wood are 
actually the burning gases that escape from oxidized 


wood. Even though a typical candle flame can get up 
to 2,500" F, you can flick your finger through it quickly 
without feeling much. This is a low-tech demonstra- 
tion that flames are merely a jet of burning gases and 
not a substance 

The color of a flame, and therefore its temperature, 
is determined by the amount of available oxygen and 
the type of fuel, Hotter flames, like those from a blow- 
torch, are a violet-blue, but candles, which burn cooler, 


often have reddish flames. 


Got a nagging question 
about science or 


technology? Askthe 
editors and experts of 
Science Illustrated at: 


askusascienceillustrated.com 
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Endangered Species 


Many penguin species, like the Adélies 
shown here, depend on the ice. Warming 
temperatures threaten their survival. 


Endangered Species 


here have all the penguins 
gone? In 1995, a census of 
emperor penguins (Aptenodytes 
forsteri) on the Riiser-Larsen 
peninsula of East Antarctica counted 
around 9,000 mated pairs. Five years later, 
at the high point of the mating season, 
that number had plummeted to just over 
4,000 pairs. A colony of rockhopper pen- 
guins (Eudyptes chrysocome) in the Falkland 
Islands that in 1984 numbered 2.5 million 
Pairs is now down to just 300,000. And 
African penguins (Spheniscus demersus) 
have lost 40,000 pairs in the past two de- 
cades. If the numbers of these and several 
other penguin species continue to plunge 
at these rates, experts fear they will be 
extinct within just a few decades. 
Pinning down the cause of these 


catastrophic declines is no easy task. Each 
species faces its own challenges, with 
multiple factors often contributing to a 
colony's dire circumstances. Two of pen- 
guins' biggest foes are climate change and 
competition with large commercial fisher- 
ies for resources. Other fierce obstacles 
include the destruction of the birds’ 
habitats, poaching, and the unintentional 


introduction of new predators by humans. 


Today, scientists and conservationists 
are working against the clock to unravel 
the problems facing penguins around the 
world. For many species, these humans 
may be the last great hope for survival. 


Climate Shifts On and Off the Ice 
Warmer temperatures have brought big 
changes for Antarctic ice in recent years— 
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with potentially devastating results 
lifestyle of the familiar emperor peng 
is inextricably bound to the ice, putting 
the species at risk if temperatures c 
tinue to climb. The birds mate only « 
sheets. If the ice freezes over later in t 
season and breaks up earlier than поп 
they will have less time to mate. Their 
ability to find food is also threatened: li 
the ice sheets don't extend as far from 


the coast as they once did, the penguin 


won't be able to reach the richest feedi 
grounds, which are farther out to sea 
Antarctica's penguins aren't the only 
ones working against weather. Higher 
temperatures are taking their toll on the 
only tropical species, the petite Galapag® 
penguin (Spheniscus mendiculus). Isolated t 
the Galápagos Islands off Ecuador's coast 


WEIN Fe уп 


è 


African penguins (shown 
hereon an island off Namibia's 
coast) are under threat from 
food shortages and oil spills. 


the species is especially vulnerable, 
and weather changes particularly 
the El Nino phenomenon—can have 
a dramatic effect. 

During El Nino, ocean currents around 
the island shift. The Humboldt current's 
cold waters are temporarily replaced by 
warm, tamer waters from the equatorial 
current that contain less nutrients kicked 
up from the ocean floor. These waters 
sustain fewer fish, leaving penguins to go 
hungry. Those that don't die of starvation 
can have trouble finding a mate from the 
reduced population, resulting in a smaller 
next generation. Historically, El Ninos 
have been fairly short-lived phenomena 
that occur only every third to seventh year 
Or SO, giving survivors an opportunity to 
rebuild the colony between events. But in 


the past few decades, El Nino periods 


have become more frequent and perhaps 
even longer-lasting. If the trend continues 
the Galápagos penguins could disappear 


from the planet forever 


Competing for Food with Humans 
Several other species—in places like the 
western coast of South America, the 
Falkland Islands and off the coast of 
South Africa—face starvation because of 
overfishing of their food supply. Rockhop- 
per penguins are one ofthe hardest-hit 
Just 20 years ago, the species was among 
the healthiest in the world, but recent 
years have shown an alarming decline 
The Falkland Islands were once their most 
important breeding ground, and as late 

as 1984, 2.5 million mated pairs were 
counted there. The waters around the is- 
lands are now home to several commercial 
fishing fleets, and the resulting scarcity of 
food most likely caused the population to 
plunge to just 300,000 pairs today. 

To preserve the species’ food source, 
the Spheniscus Penguin Conservation 
Workshop, a consortium of penguin biolo- 
gists, proposed in 2000 that the Falkland 
Islands limit commercial fishing within 
30 miles of the birds” colonies instead of 
the current three-mile regulation. It’s no 
surprise that the ruling government didn't 
accept the proposal, which would have 
affected the area's economy. More modest 
regulations, like limiting fishing-boat 
licenses and a 60 percent cap on the total 
number of fish that can be removed, have 
been in place since 1988—with little effect 
on the rockhopper population decline. ® 


Emperor penguin can 
dive as deep as 1; feet. 


excrete it through t 
When swimming at high speeds, 

4 penguins frequently leave the water 

n leaps that may carry them more than three 

feet through the air. They catch their breath 


in midair before reentering the water 


| 5 
| ino squid and fish, their 15- to 20-minute dives 


| can take them as deep as 1,600 feet 


2 
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Endangered Species 


Under Pressure 


Of the 17 species, 12 are officially 
considered at-risk. The World Conser- 
vation Union (IUCN) uses several 
criteria when weighing an addition 


to its Red List, Any candidate with King Mate 
numbers so low that it has a 50 te ada 99 
HEIGHT: 37 іп. 


percent chance of extinction in 
the wild within 10 years will be 
declared critically endangered (CR), 
but sheer head count isn't always 
the deciding factor. A species can 
also be declared CR, for instance, if 
its habitat shrinks below 10 square 
kilometers (3.8 square miles). 


The IUCN categorizes animals on a 
its list using the following terms, from 


WEIGHT: 30-45 Ibs. 
POPULATION: 2 million 
STATUS: Least concern 


most at-risk to least: critcally endan- Macaroni 
gered (CR), endangered (EN), 1 
HEIGHT: 28 in. 


vulnerable (VU), near threatened 


(NT) and least concern (LC). WEIGHT: 9-13 Ibs. 


POPULATION: 18 million 


Q STATUS: Vulnerable 


Humboldt 
Spheniscus humboldti 


HEIGHT: 25 in. 
WEIGHT:6-11 Ibs. 
POPULATION: 3,300- 
12,000 

STATUS: Vulnerable 


Gentoo 
Pygoscelis papua 


HEIGHT: 30-35 in. 

WEIGHT: 10-14 Ibs. 
POPULATION: 314,000 
STATUS: Near threatened 


E Erect-crested 
Galápagos i x 3 ` Eudyptes sclateri 
HEIGHT: 21 in. HEIGHT: 24-25 in. 


WEIGHT: 5-6 Ibs. WEIGHT: 6-8 Ibs. 
POPULATION: 1,200 POPULATION: 170,000 
STATUS: Endangered STATUS: Endangered 


NATRUREPL; M. IWAGO/MINDEN PICTURES; M. JONES/MINDEN 


CLOCKWISE FROM TOP LEFT: M. IWAGO/MINDEN PICTURES; H. AND J. ERIKSEN/SCANPIX; RICK STEVENS/TARONGA ZOO; T. DE ROY/MINDEN PICTURES; T. DE ROY/MINDEN PICTURES; P. ARNOLD/FOCI, D USHER | 
ARCO IMAGES; Р. OXFORD/NATUREPL; М. IWAGO/MINDEN PICTURES; GLOBE: MIKKEL JUUL JENSEN ; FACING PAGE, CLOCKWISE FROM TOP LEFT; б. DOUWMA/NATRUEPL; G. DOUWMA/NATRUEPL; S. ZANKL/ 
PICTURES; F. LANTING/MINDEN PICTURES; К. WOTHE/MINDEN PICTURES; F. BAVENDAM/MINDEN PICTURES; T. DE ROY/MINDEN PICTURES 


Spheniscus magellanicus 
HEIGHT: 14-22 in. 
WEIGHT: 7-15 Ibs. 


POPULATION: 1.3 million pairs 
STATUS: Near threaten: 


€ 3 
e 
e 
€ 
WEST ANTARCTICA 
ә 
e 


Fiordland 
Eudyptes pachyrhynchus 


HEIGHT: 24 in. 

WEIGHT: 6-7 Ibs. 
POPULATION: 5,000-6,000 
STATUS: Vulnerable 


African 
Spheniscus demersus 


HEIGHT: 25-27 in. 
WEIGHT: 6-8 Ibs. 
POPULATION: 180,000 
STATUS: Vulnerable 


' Adélie 


/ Pygoscelis adeliae 
HEIGHT: 18-24 in. 
WEIGHT: 8-10 Ibs. 
POPULATION: 4-5.2 million 


p STATUS: Least concern 


o Rockhopper 


Eudyptes chrysocome 
HEIGHT: 8-13 in. 
WEIGHT: 5-8 Ibs. 
Indian Ocean POPULATION: 7,340,000 
STATUS: Vulnerable 


Prince Edward 
Island 


Amsterdam ӨО Chinstrap 
2> Pygoscelis antarcticus 
| HEIGHT: 28-30 in. 
vs 0 13) WEIGHT: 8-10 Ibs. ê 
SS © Kerguelen POPULATION: 8 million 
Royal STATUS: Least concern 
Eudyptes schlegeli 


HEIGHT: 26 in. 
WEIGHT: 13 Ibs. 
POPULATION: 1.7 million 


STATUS: Vulnerable @ 


— F Snares 
— Eudyptes robustus 


HEIGHT: 25 in. 


WEIGHT: 6-7 Ibs. 
POPULATION: 46,000 
STATUS: Vulnerable 


© 


w^. & 


AUSTRALIA 


NEW ZEALAND Little 17 
Eudyptula minor 
О HEIGHT: 14 in. 
WEIGHT: 2 Ibs. Emperor 
Aptenodytes forsteri 


POPULATION: 500,000 pairs 
STATUS: Least concern 


HEIGHT: 36-44 іп. 
WEIGHT: 55-90 Ibs. 
POPULATION: 270,000— 
380,000 


Yellow-eyed STATUS: Least concern 


Megadyptes antipodes 
HEIGHT; 27 in. 
WEIGHT: 18 Ibs. 
is POPULATION: 4,840 
| STATUS: Endangered 


Least concern 
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When Penguins 
Ruled the Roost 


Penguins are a relatively new addition to 
our planet. The earliest fossils date back 65 
million years, making them younger than 
most of their winged peers. Experts believe 
the first penquins could fly, but because the 
earliest fossils aren't well preserved, we cant 
know this with certainty. It's evident that 
within a few million years, penguins had 
completely adapted to an aquatic lifestyle 
The birds originated around New 
Zealand and Antarctica, boasting far more 
species than today. Subantarctic island 
excavations have shown that at one time, 
as many as 10 to 15 species shared a colony. 
The golden age for penguins came about 
30 to 40 million years ago. Although many 
species resembled today's penguins, there's 
also fossil evidence of a species known as 
giant penguins that were as tall as seven 
feet and weighed 180 to 220 pounds. 
Giant penguins apparently enjoyed only 
a short stay on Earth. Experts believe they 
competed for food with the first toothed 
whales—and the whales prevailed. Whales 
continue to flourish, while giant penguins 
disappeared at least 25 million years ago. 


Ancient giant 
penguins may have 
stood as tall as 
seven feet. 


Little Penguin Emperor Penguin Giant Penguin 


Rescue organizations around the world treat and mark vulnerable penguin 
colonies before releasing them back into the wild. 


Rockhoppers in other areas, like the 
eastern coast of South America, bring the 
species's numbers to 1.5 million pairs 
worldwide. But the overall decline has 
been so severe that the World Conserva- 
tion Union (known as IUCN for its former 
name, the International Union for the 
Conservation of Nature), has announced 
that rockhopper penguins are globally 
threatened. The group, which oversees the 
classification of endangered species, added 
rockhoppers to the list in 2000. 

On the western coast of South 
America, commercial anchovy fishing 
has had a similar effect on humboldt 
penguins (Spheniscus humboldti). There, 
the scarcity of food due to overfishing 
is compounded by El Nino. Harvesting 
of the birds' guano, or droppings, for 
fertilizer has also contributed to the 
problem. In rocky areas, Hum- 
boldts burrow into a soft mix of 

guano and shells to create safe 
nests; removing the droppings 
leaves them with no place to 
lay their eggs. As a result of 
all these factors, today there 
may be as few as 3,000 of 
the birds remaining, com- 
pared with 21,000 in 1983. 
Southern New Zea- 
land's Fiordland penguin 
(Eudyptes pachyrhynchus) 
has been spared from food 
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shortages and climate change, but n 
from invasive predators like the wek 
These fierce, flightless birds were intr 
duced to the islands off the southwest 


coast of New Zealand in the early 


possibly by sailors from the mainlanc 
According to Birdlife, a global partner 

of conservation organizations working 
conserve birds and their habitats, wek 

eat up to 38 percent of the penguins’ eg 
and 20 percent of their chicks on Op | 
Bay Island, one of the Fiordlands' m: 
breeding sites. Dogs, cats and rats als 

their share. Altogether, non-native pr 

tors have helped to reduce the Fiordla 
penguin population to just 3,000 pa 


Research: The First Step 

It’s clear that each penguin species has 
its own unique set of challenges. Tack 
ling the birds' plight therefore requires 
extensive research. The best place to start 
is the penguins themselves. In 1911, onc 
of the world's first penguin researchers 
the British explorer Apsley Cherry-Garrare 
ventured onto the treacherous Antarctic 
ice in search of emperor penguins and 
their eggs. The species breeds іп midwin. 
ter, so he had to forge through howling 
winds and -70*F temperatures to collect 
eggs for London's Natural History Mu- 
seum. Five men died during the historic 
expedition—just the second to attempt” 
reach the South pole but Cherry-Gar — 


| 
| succeeded in bringing the first emperor 
penguin eggs to civilization. 

Rory Wilson, head of the Institute of 
Environmental Sustainability at Swan- 
sea University in Wales, is following in 
Cherry-Garrard's footsteps. He has spent 
| A almost three decades studying several 
| species, but since 1994, his focus has 
been mainly on the Magellanic penguins 
(Spheniscus magellanicus) of South America's 
Patagonia region. Wilson's research has 
been a vital contribution to our knowl- 
edge of the underwater life of penguins. 
| Using an electronic instrument package 
| attached to a penguin's back, Wilson can 
track where the bird swims, how deep it 
dives, how much energy it uses, and how 
much it eats. His recent study of Magel- 
lanic penguins revealed that the birds may 
consume three times as much food as was 
previously estimated—a finding that will 
undoubtedly influence efforts to maintain 
the at-risk species’ food supply. 


Ze га? 


AT 


to save the African penguin, which is 
under attack from a variety of threats. 
The species's populations are mainly 
concentrated in two areas off the coast, so 
problems tend to have widespread impact. 
Commercial fishing plays a role, as do 
predators, like feral cats, and oil spills 
(many colonies are located near ship- 
ping ports). One group, the South African 
Foundation for the Conservation of Coastal 
Birds, rescues and cleans birds hurt in ship- 
ping accidents and oil spills. Over the past 
four decades, the organization has treated 
more than 83,000 seabirds. Last November, 
workers rescued and hand-reared 400 starv- 
ing African penguin chicks rescued from 
Dyer Island Nature Reserve in South Africa. 
Thanks to human intervention, the 
yellow-eyed penguin (Megadyptes antipodes) 
is making steady progress. With just over 
1,500 breeding pairs, it's the rarest pen- 
guin species after the Galápagos. Yellow- 
eyed penguins are native to New Zealand's 
forest and coastal scrub, a landscape often 
cleared for farming and trampled by 
livestock. Non-native predators, such as 
weasels, ferrets and dogs, have also been 
introduced there, and they have ravaged 
penguin eggs, chicks and adults. 


Endangered Species 


Since 1987, the year the Yellow- 
eyed Penguin Trust was formed in New 
Zealand, the situation has improved 
Many deforested areas on the coast have 
been replanted, and feral predators have 
been controlled. There's still a risk, but 
the population is growing, and the IUCN 
may reduce the species' endangered status 
within the next few years. 

And while some at-risk penguin popu- 
lations are showing improvement, other 
species never showed signs of decline. The 
leader of this stable pack is the chinstrap 
penguin (Pygoscelis antarcticus), which 
currently numbers eight million. Adélie 
(Pygoscelis adeliae) and king penguins (Ap- 
tenodytes patagonicus) are also going strong, 
with populations at five and two million, 
respectively. Researchers believe the chin- 
strap and king penguin populations may 
even be growing. 

What's the secret of their success? It 
may have to do with diversification: АП 
three species are highly adaptable, with 
breeding colonies throughout most of the 
islands surrounding the Antarctic conti- 
nent and as far north as South America. 
Ultimately, much of the hope for pen- 
guins may rest with these bountiful birds. ® 
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Space is littered with refuse left by 50 years of rocket and satellite 
launches. Scientists keep a close watch on the trash in order to 

protect functional orbiting equipment—and their research—but as 
the debris accumulates, the need for a cleanup grows more desperate 


hen the Soviet Unior 


punched a hole ing 


sat - S. a Weather saê 


Space Telescope Wo laced in 2002 


NASA found 7 


t destroyed anything outright, b: 


batterin de the solar panels 
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es were halted today, space junk would 
continue to multiply. Calculations show 
that there is so much trash in orbit that 
chunks and bits have begun to collide 
and break into new pieces before they 
fall out of orbit and burn up in 


Earth's atmosphere 


Solution 1: Track the Junk 

The first step is identifying the location 

of each bit of garbage so that researchers 
can direct satellites out of harm’s way. 
In 1957, the vear S was launched, 
the U.S. began using satellites; radar and 
telescopes to keep track of pieces bigger 
than four inches wide. So fan the US has 
000 pieces. The effort 
NASA moved the 
lf a mile to 


dentified almost 1 
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actually watch it increase. On January 17. 
2005, for example. a fragment of a Chi- 
nese rocket hit part of an old American 
rocket, knocking off three chunks,and а 
multitude of smaller bits. 

Outer-space explosions are also adding 
to the problem. Out-of-service spacecraft 
abandoned without first being emptied of 
fuel set the stage for just such an explo- 
sion in 1996, when an American fuel tank 
that was cast off from a non-functioning 
1994 Pegasus rocket put 713 large pieces 
and countless smaller ones into orbit 
And in January 2007. China blew up its 
old Fengyun-1C weather satellite during 
an anti-satellite weapons test, increasing 
the amount of junk orbiting Earth. At 
impact, there were more than two million 
pieces of various sizes, but most burned 
up in Earth’s atmosphere. Only a small 

percentage of the pieces remain 


Each of these dots represents 

a satellite currently orbiting Earth, 
and all are threatened by space 
junk. Those that aren't properly 
disposed of after being 
decommissioned will become 
junk themselves. 


we are aware of 
11,875 pieces of space 
junk more than four 
inches across, hundreds 
of thousands of pieces 
between half an inch 
and four inches across, 
and millions of even 
smaller fragments. 


Most litter lies 

within 1, 200 miles of 
Earth—especially 

in orbital paths 500, 

620 and 930 miles up. | 


Eu J 
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To help other space programs prevent surface it protects, Shield materials can months before it loses altitt 
collisions, the United Nations Office for vary and are chosen for their mechanical into Earth's atmosphere, w 
Outer Space Affairs provides member robustness under typical orbital condi- between the object and the 
nations with the launching state, launch tions, but aluminum is most commonly causes it to burn up 
date and location, and basic orbital used. A piece of aluminum debris larger If a piece of equipment is n« 
parameters of all objects sent into orbit by than 1.5 millimeters wide and traveling end of its tour of duty, operators 
member nations. The Air Force also main- just shy of five miles per second—the the steering rockets onboard to [ 
tains a public Web site with information normal velocity for objects in near-Earth down into the atmosphere, or th 
on objects being tracked, which satellite orbit—can pierce a six-millimeter-thick push it up into a much higher 
operators can use to keep their spacecraft aluminum shield so-called "graveyard orbit," wh 
ut of harm's way When à piece of junk penetrates а orbit the planet far from other 
shield, it shatters and continues toward satellites. This is often the optic 
the satellite's surface. It's unlikely that lites in geostationary orbit. Thes: 
Another way engineers are coping with any of these smaller pieces will be able must be slowed down to half of tl 
space junk is by plating new satellites with to break through that surface. Neverthe- 7,000mph speed to become caugl 
armor. But every gram of material added less, designers sometimes put layers of the atmosphere. But accelerating t 
to a satellite makes it more expensive Kevlar, ceramic fabric or other materials by just 25 mph pushes them ир ‹ 
to put into orbit, and launch vehicles between the shield and the satellite to this densely packed orbit. Not all s 
can handle satellites only up to a certain slow down the pieces operators are so conscientious, thoug 
weight. So it's crucial that armor be light More than 1,000 satellites currently | 
and judiciously applied to cover just the the geostationary orbit space, but j 
most vulnerable surfaces. Systems needed of them are actually in use 
only on the way into orbit, for instance, Another strategy is to reduce the amount In 1993, several of the world's 
do not need protection. Neither do parts of debris in the most congested areas: the programs formed the Inter-Agency 5 
of the craft that are already adequately low-Earth orbits under 1,200 miles above Debris Coordination Committee wit 
shielded behind solar panels and other Earth's surface, and the geostationary or- mandate to collect and share inforn 
potentially protective equipment bits, which lie 22,000 miles directly above Their biggest goal: to make sure equip 
The most common defense is a shield the equator. Fortunately, litter less than ment leaves orbit within 25 years of 
placed approximately an inch above the 300 miles above Earth stays up only a few decommissioning. ® 


Even the Tiniest Debris Is Dangerous | 


A collision with а nal fleck of paint or aluminum sounds harmless. But space junk can travel nearly +1 miles per secand. That's 
38,000 mph, which is 19 times the velocity of a bullet. A head-on collision with a.one;eighth-inch-wíde piece of litter unleashes a 
violent amount of energy. And even a fleck of paint one tenth that large can smash through a one-eighth-inch-thick metal plate, 


releasing a cloud of tiny particles into the satellites internal electronics J 0 0 


~~, 
This 79-milligram nylon pellet was shot at an aluminum The same size nylon pellet shot at high velocity blasted 
plate in a vacuum at three miles per second. The pellet a deep crater in a thick lead block. . 
went right through the plate. 
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A tiny chip of paint is believed to have creatéd this crater, After eight years in orbit, the Hubble Space Telescope solar — 
one tenth of an inch deep, in the windshield of the space panels showed scars from more than 725,000 impacts by debris. 
shuttle Challenger. 


MARCH/APRIL 2008 SCIENCEILLUSTRATED.COM | 45 


— — 


A HISTORIC 


Thousands of years ago, the island now called Santorini was nearly blown out 
ofthe Mediterranean Sea by one ofthe most powerful volcanic eruptions in 
recorded history. Until now, researchers believed that the eruption occurred 
around 3,500 years ago. But new findings indicate that it happened close to a 
century earlier, forcing archaeologists to rewrite the history books 


ack in the Bronze Age, the Creek when exactly did this event occur? The explosion can help а te other events. arti 
island of Santorini, then known precise date is critically important to facts and ruins far fror 


as Thera, was torn apart by a understanding the interactions between The eruption on ni was more 

gigantic volcanic eruption. It the young empires of the Eastern Medi- powerful than Indonesia’ 1883 Krakatau 
sent ash clouds 20 to 25 miles up into the terranean - empires that were the foun- volcanic explosion, whi ich killed 36,000 | 
atmosphere, covered the island with a dations of early Western civilization. And, people. It may also have been as powerful 
thick layer of volcanic rock called pum- because the eruption laid down a layer as the biggest known eruption in human | 
ice, and caused a 40-foot-high tsunami of ash throughout much of the Mediter- history, which occurred at the Tambora | 


that hit Crete 70 miles to the south. But ranean world, pinpointing the year of the volcano on the Indonesian island of Sum 
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The Explosion 
Tore Away a 
Large Chunk of 
the Island 


Before the eruption, Santorini, or 
Thera, as it was then known, originally 
wrapped around into a large circle, 
with an opening to the southwest, A 
small island lay in the bay The island 
in the bay was blown away, along with 
parts of the surrounding circle of land; 


BEFORE THE ERUPTION 
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Egypt under the Hyksos kings 
Mycenaean culture 


Area of Minoan dominance | 


torini. Today, based on other archae 
cal discoveries, we know that al 


Mediterranean Sea ash and tsunami wreaked havoc or 


area, life among the Minoans conti 


essentially unchanged after the еги 
Comparisons of Greek and Egypt 


artifacts buried in the pumice led ar 


ologists to believe that the eruption | 
pened between 1525 and 1500 B.C. B 


The Eastern Mediterranean 
in the 17th Century B.C. 


When Santorini exploded, the volcano sent a cloud of 


when carbon-dating results from an « 
1 branch discovered on the island wer: 
lished in 2006, the date of the explos | 
was revised to 1627 to 1600 B.C., making 


ashes out over the eastern Mediterranean. At that time, headlines around the world. The new 
there were three dominant cultures in the region, Myce- date forced archaeologists to rethink t 
naean on the Greek mainland, Egyptian, and Minoan, with timeline they had pieced tog 


its center on the island of Crete. Santorini was part of the е ing intercultural contact in the ег 
Mediterranean region. And, if that 


Minoan culture. 

enough, ice-core-dating experts now 

did claim with confidence that the erupt 
1 occurred even earlier. 


A Key to Ancient Minoa 

As far back as 3,600 years ago, the Mi 
culture was one of three that dominated | 
the eastern Mediterranean. (The gro 
their name from Minos, who, according 
myth, was the king of Crete.) At the t 
of the Santorini eruption, the Minoans 
ruled from their palace in the Cretan 
of Knossos. There they developed onc 
the world's earliest-known scripts, wh 
linguists call Linear A—a system that 


bawa. Using the Volcanic Explosivity yet to be deciphered. 
Index (VEI) scale, which runs from 1 The Minoans are also known for using | 
to 8, Krakatau scores a 6 and Tambora bull motifs in their decorations, as well 
and Santorini a 7. as for their pottery, which changed in 

| No human remains have ever been style over the centuries. Archaeologists 
found underneath the pumice layer on use these changes to define periods in M | 
Santorini, leading to speculation that noan culture. The period when Santorin 
much of the population may have exploded, for instance, is known as Late 
escaped. But the eruption buried every Minoan IA, or LM IA, after the decora- 
settlement and dwelling, and well into tive style that is classified by graceful 


the 1900s, experts believed that it and the floral designs. Minoan culture reached ib | 
The entire Minoan kingdom, along with its ^ tsunami that followed, also put an end tio high point during this age. By then, ће | 
trading colonies, was controlled from the the famous Minoan civilization centered group had established colonies on nearby 
palace at Knossos [shown here] on Crete. on nearby Crete and encompassing San- islands and was trading throughout the 


MODO ا‎ 


48 | SCIENCEILLUSTRATED.COM MARCH/APRIL 2008 


eastern Mediterranean. It's 
unclear whether Santorini was 
a colony or an independent 
state, but thanks to a fantastic 
discovery made there in the 
1860s, we do know that it was 
thriving. Buried under the 
pumice was an entire Minoan- 
era village, complete with 
streets, houses, furnishings 
and decorations. 

When it was uncovered, 
the village, which had ap- 
parently been abandoned in 
haste as pumice rained down 
on its inhabitants, was named 
Akrotiri after a modern-day 
neighboring town. The pottery 
and wall decorations in the 
buried village all clearly indi- 
cate that the settlement dated 
to the Minoan LM IA period. 


Making the 
Connections 
Around that time, dramatic 
events were unfolding in 
Egypt. The country had been 
locked in a power struggle for 
the past century, and foreign 
kings reigned on the throne. 
It's unclear whether these rul- 
ers, the Hyksos, were migrants 
or invaders, but they may have 
come south to Egypt from 
the area now known as Syria. 
The Hyksos era, 1630 to 1521 
B.C., has traditionally been 
portrayed as a dark chapter in 
the country's history. When 
Pharaoh Ahmose succeeded 
in ousting the Hyksos from 
Egypt—ushering in the era 
known as the New Kingdom, 
which lasted almost 500 
years and marked the peak 
of Egyptian influence and 
power—the defeated rulers 
were demonized by the victors 
and dismissed as little more 
than despots and marauders. 
As the Hyksos rule came to 
an end, Mycenaean culture on 
the Greek mainland was just 
ш to grow more power- 


chaeology 


ful. The Mycenaeans were a warrior people 
divided into many kingdoms. They are per- 
haps best known for conquering Troy— 
event that took place four centuries later 
and was the basis for Homer's Ilíad 

When archaeologists in the 1800s 
excavated early Mycenaean graves, they 
discovered fantastically valuable objects 
from Egypt, as well as Minoan LM IA ar- 
tifacts. Some archaeologists believed that 
the Egyptian items came from Pharaoh 
Ahmose. They theorized that the Myce- 
naeans were then increasing in power in 
the region, and that Pharaoh Ahmose gave 


them the goods as payment for fighting 
against the Hyksos. Based on the Egyp- 
tian king list [see "Which Dating Method 
Comes Closest?" below], this would date 
the artifacts in the early 1500s B.C., the 
beginning of the New Kingdom era. 

The Minoan artifacts also found in the 
graves were dated to the LM IA period. 
They were from the same era as the arti- 
facts found buried underneath Akrotiri's 
pumice. Experts believed that the eruption 
of Santorini and the expulsion of the 
Hyksos from Egypt both happened at the 
height of Minoan LM IA. > 


Which Dating 


Archaeologist have long 


Name the pharaoh one 


Method Comes Closest? 


One archaeological dating method and two scientific methods 

each cite a different time period for the volcano's eruption. The 

method that turns out to be correct is crucial for understanding 
the history of the Mediterranean region 


Relative Dating: 
1525—1500 B.C. 


the same time, they find objects 


accepted that the eruption from other cultures, they have 
of Santorini occurred 3,500 a way to indirectly date these 
years ago. They reached this cultures. 
conclusion by studying Using this method, known 
archaeological finds in as relative dating, researchers 
Greece and Egypt and by assumed that the period when 
comparing them with alist Minoan culture was at its height, 
of Egyptian kings reigns. and when the Mycenaeans 
The list is a register of every Were increasing in power, was 
pharaoh who ruled Egypt. contemporary with the beginning 
With its help, archaeologists of the New Kingdom in Egypt, in 
can distinguish between ехса- the late 1500s B.C. The researchers 
vation layers if they encounter concluded that the great eruption 
an object that can be linked to ‘on Santorini must therefore have 
a particular pharaoh reign. If, at occurred during the same period, 
3 because the excavations of the 
` This sarcophagus belongs to buried village clearly showed that 


n 


— 


^  Threeseparate ice cores 
drilled in Greenland 

have been studied for 
evidence of the date of 
Santorini's eruption. 


ü 
2 


The polar ice caps are enor 
mous storehouses of informa 
tion. Every year a new layer of 


snow falls, pressing down upon 
previous years accumulation. 
The snow eventually compress- 


ce core Dating 


in trees are counted. 


es into ice, allowing researchers 
to count single years in an ice 
core just as annual growth rings 


ice cores archive evidence 
of the weather from 
thousands of years ago. 
This is ice core DYE-3, one 
of the samples used to date 
the Santorini eruption. 


time, more acidic than norma 
And when data on the acidity 
of precipitation over many cer 
turies is analyzed using a com 


Santorini E Acid Levels, 


1 DYE-3 


These ice samples include 
traces of ancient volcanic erup- 
tions, because each eruption 
sends large quantities of sulfur 
into the atmosphere that come 
back down with the snow. After 
exceptionally large eruptions, 


puter, each major eruption 
be read as a clear "spike" on a 
graph. This was the case for t! 
powerful eruption on Santorir 
which three different ice core 
records form the Greenland іс 


cap indicate occurred around 


1900 B.C. 1800 1700 1600 1500 1400 0 
Kai mes acidic AT volcanic еп n, ana the acidity 15 
Evidence from Egypt 


The Egyptian king list involved in dating 
Santorini's eruption starts in the year 664 
B.C., because we know with near certainty 
that Pharaoh Psamtik I founded the 26th 
dynasty of Egypt that year. From there, 
archaeologists have worked backward to 
about 3000 B.C., creating a list of kings 
and pharaohs and their reigns by compar- 
ing Egyptian records that report on pha- 
raohs seizing power, years on the throne, 
kinship relationships, and victories and 
defeats during war. In certain cases, the 
king list is supported by astronomical ob- 
servations. If, for example, an inscription 


mentions a solar eclipse on a particular 
day, we can, with our modern astronomi- 
cal knowledge, calculate exactly what year 
that eclipse occurred. 

Using the king list, archaeologists 
have been able to date layers in excava- 
tion sites when they encounter an object 
that relates to a particular pharaoh's 
reign. If they are lucky enough to find 
remains from other cultures in the same 
excavation layer, they often indirectly 
date those cultures as well. 

With the aid of relative dating, as 
it's known, archaeologists believe they 
can make connections throughout the 
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the precipitation over parts of 
the planet becomes, for a short 


1642 B.C 
than archaeologists believe 


a century earlier 


eastern Mediterranean. The Minoan LM 
IA period, as well as the era when the 


Mycenaeans were increasing in power 
were placed in the second half of the 
1500s B.C. The volcano on Santorini was 
therefore assumed to have exploded 
during this period, because the objects 
discovered buried at Akrotiri definitely 
stem from the LM IA period. 


H 
i 
$ 
2 
1 


Solid Evidence from Ice? 

But then scientific dating methods stepp% 
onto the stage. When major volcanic : | 
eruptions occur, they thrust huge quant | 
ties of sulfur into the atmosphere, temp? 


(REPUTE Мухат T V ыл NUYS VINO ET 1D 


rarily making precipitation more 
acidic than normal. 

In 1987, a team of Danish scientists 
published their results from a deep ice 
core taken from the Greenland ice cap. 
Drilled all the way to bedrock, it provides 
a year-by-year record, in layered and 
compressed snowfalls, of the earth's atmo- 
spheric conditions [see *Ice Core Dating: 
1647 —1637 B.C." at left]. The researchers 
studied the entire length of the ice core 
(approximately 6,700 feet) and, as would 
be expected, found spikes in acidity that 
corresponded with the dates for known 
historical volcanic eruptions. 

Surprisingly, no spike was found 
between 1525 and 1500 B.C.—when the 
Santorini eruption was believed to have 
occurred— but there was a marked in- 
crease in acidity in 1645 B.C. The research- 
ers concluded that this was probably from 
the Santorini eruption. Ice-core dating 
is known for its precision, but critics 
quickly spoke out against the new data. 
Archaeologists assigned more worth to 
their research than to the ice cores. They 
realized that revising the date of the erup- 
tion would mean that the chronology they 
had pieced together for the entire eastern 
Mediterranean could be called into ques- 
tion. Some critics of the ice-core dating 
also said the spike in acidity in the sample 
could have come from an eruption in 
Alaska that had yet to be precisely dated. 
But they could not explain the absence 
of a Santorini spike. 


And so things stood for nearly 20 
years. Then, in 2006, another team of 
Danish researchers reported a sensational 
find on Santorini. A geology student had 


discovered an ancient olive branch embed- 


ded in the pumice layer of a hard-to-reach 
cliff. The branch's twigs and leaves were 
intact, indicating that it had been alive 
when it was buried. In one part of the 
branch, scientists were able to identify the 
outer annual growth rings, which would 
have been the last the tree produced 
before being buried by the eruption 

They carried out а series of radioactive 
carbon-14 dating tests and produced a 
bold result: With 95 percent confidence, 
they said that the branch had been buried 
between 1627 and 1600 B.C, placing the 
eruption around 100 years earlier than 
the relative-dating estimate. 


Rewriting History 
There was no way out—the archaeologists 
had to rewrite history. Although some 
continue to insist on the later date, their 
numbers are dwindling. There are only 
two possibilities: Either the Egyptian king 
list is wrong, or there's something amiss 
with the connections archaeologists have 
made between cultures. 
Most experts dismiss the first pos- 
sibility. There is general agreement that 
the king list for the middle of the second 
millennium B.C. is, at the very worst, off 


by 10 years—not by a full century. It's 
far more likely that the relative-dating 


A Cataclysm 
Plays Out 


| Material from the island in the 

| middle of the bay blasts high into 
| theairand covers Santorini with 
a layer of ash and pumice up to 
25 feet thick. 


| ii Rocks 


ot Lava + Steam = 


into cracks and fissures opened by the 
eruption and meet the hot magma 
beneath. This causes a massive steam 
explosion that changes Santorini’s 
shape and litters the island with even 
More rocks, debris and ash. Hot lava 
covers much of the remaining land. 


The Center Sinks 

Once the magma chamber beneath 
the island empties, the center part 
of the island sinks into the sea, 
creating an interior crater called a 
caldera. The island of Santorini 

that we see today consists of this 
andent calderas walls. 
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Radioca 


Geoſogists found 
this olive branch 
embedded high up 
on Santorinis inte- 
rior coastline [see 
arrow above the 
craters former wall. 


method is in error. It is, in fact, difficult 
to trace interactions between cultures. 
Ceramic objects, for example, can be 
passed down through generations and 
then buried with artifacts from later 
periods. Layers from an early era can be 
disturbed by subsequent human activity 
or dated incorrectly. In some instances, 
connections among cultures have been 
based on just a few objects; today's 
archaeologists are cautious about relying 
on older excavations not carried out to 
modern standards. 

In the revised history, the Mycenaeans 
could not have been serving as mercenar- 


In 2006, Danish researchers published a 
report dating the Santorini eruption using 
anolive branch that had been buried under 
the ash layer laid down during the eruption. 
The scientists dated the olive wood using the 
carbon-14 method, which measures levels 

of an isotope of carbon found in all living 
matter. Carbon-14 is radioactive and decays 


ies for Ahmose in Egypt when Santorini 
exploded. Their growing power, reflected 
in the rich finds discovered in their 
graves, cannot be ascribed to an alliance 
with the rulers of the New Kingdom. 

The Mycenaeans must instead have had 
some kind of trading connection to the 
New Kingdom's predecessors, the Hyksos. 
So the Hyksos period—with this evidence 
that they engaged in extensive overseas 
trade—must not have been as grim as 
researchers believed. Or, as archaeologist 
Jeremy Rutter of Dartmouth College put 
itin Science in 2006, "The Hyksos have 
gotten lousy press," 
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rbon Dating: 1627-1600 


over time, allowing scientists to measure the 
quantity of carbon-14 found in any object 
and extrapolate from that information to 
arrive at the object's age. 

Since the entire olive branch was found 
intact, scientists believe that it was buried 
alive, giving them great confidence about 
their conclusions. 


The LM IA period, when Minoan 
civilization was widespread in the region 
and quite advanced, was also not solely 
contemporary with the New Kingdom 
in Egypt according to the revised dates 
Instead, it must have started earlier than 
originally thought, during the Hyksos era 


The Scientific Argument 
Unsurprisingly, the debate rages on. The 
scientists, after all, are interested in dating 
the eruption as precisely as possible, Since 
the 1987 ice-core paper, two more Green- 
land ice cores have been studied. The 
findings, published in 2006 and 2007, 
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Today, most researchers agree that two scientific meth 


ods give the most precise dates, with 


considered the most reliable. Although the dates that were 
established using the ice-core and carbon-14 methods 


do not completely agree, both place the eruption roughly 


inthe second half of the 17th century B.C 


archaeological method of relative dating, 


confirm the earlier conclusions. Aside 
from a three-year correction from 1645 
to 1642 B.C., the ice-core experts hold 
fast to their claims. 

There is another solid argument for 
the new dating: It would be downright 
strange if there were no trace of the 
Santorini eruption in the ice. Both 
Krakatau and Tambora show up clearly at 


precisely the dates we know they erupted, 


even though they are farther away from 
Greenland, as does the A.D. 79 eruption 


around a Б 


century earlier than previously established using the 


700 8. 


of Vesuvius that buried Pompeii 

In contrast with the 13-year margin of 
error for the olive-branch carbon dating, 
the ice-core dating is unlikely to be more 
than five years off, so it constitutes a 
stronger argument in favor of an eruption 
around 1642 B.C 


there is disagreement between the ice-core 


This also means that 


dates and the carbon-14 dating 

Some archaeologists have used this 
discrepancy as an argument for sticking 
with their artifact-based dates. But ice-core 


Today, Santorini is a popular tourist destination, 
known for its villages of whitewashed homes and 
blue-domed churches. Many of the villages are 
perched on the edges of the old caldera's walls. 


Radiocarbon Relative 
dating: dating: 
1627-1600 1525-1500 


prs] 


1600 B.C 1550 B.C 


1500 B.C 


and carbon-dating experts maintain that 
this is a weak argument. Scientific dating 
methods, while more accurate than rela- 
tive dating, have their own small margin 
of error. That margin could easily result in 
in overlap in the dating ranges produced 
by the ice cores and olive branch during 
the second part of the 17th century B.C. 
As far as the scientific community is con- 
cerned, the conclusion is unmistakable: 
The history of the eastern Mediterranean 


must be rewritten. # 


Thousands of these great 
apes are held captiveas pets 
around their native Southeast 
Asia. Others afe orphaned 
when bounty hunterskill their 
mothers. Last year, more than 
100 of the endangered apes 
were rescued and enrolled in 
“orangutan school; where 
they will spend several years 
learning essential skills from 
humans—and one another— 
before being released back 
into their natural habitat 


The Nyaru Mer 
where they ofte 


1 miserable 


they become too difficult to manage as pet: 
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The Rescue Operation | 


The Borneo Orangutan Survival Foundation runs two 
centers on the Indonesian part of the island of Borneo. 
Last year, the Nyaru Menteng center confiscated 90 
apes from private homes and rescued 118 from planta- 
tions. Only 50 of those apes were ready to be released 
into the wild right away. The other 158 will 
join the hundreds of apes—from newborns, 
to eight-year-olds—that are already 

being rehabilitated at the center. 


١ 
ГӘ 


BRUNEI | 


This year, more than MALAYSIA 
100 of the center's apes P 

will become the first 

rehabbed group to 

return to the wild. RN 


In the wild, baby 
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he four orangutans are very 
obviously nervous, For the past 
several years, Inung, Gadis, 
Sumeh and Cakra have enjoyed 
а semi-protected existence in a series 
of progressively more challenging ape 
“schools” to help them make the transi- 
tion from their previous life in captivity to 
life in the wild. But last night, the three 
females and one male were led from their 
familiar surroundings with milk and fruit 
into individual cages. The friends spent 
all night in the cages, and now, at 8 a.m., 
they're being loaded onto a boat 
After a short ride, the cages are 
opened on a small rainforest-covered 
island in the middle of the Rongan River. 
The assistants from Nyaru Menteng Orang- 
utan Training Center are exuberant when 
the curious orangutans emerge from the 
cages. For several hours, the apes explore 
the island, which has everything an orang- 
utan could wish for: trees, fruit, flowers, 


fresh leaves and other delicacies of the 


rainforest. The apes are nearing the end 
of years of training before being released 
from captivity. In the months ahead, the 


center's employees will supervise while 
these four adapt to the normal life of a 
wild orangutan. When deemed ready, the 
apes will be taken as part of a larger group 
to an orangutan-free wooded area where 
conservationists hope they will mate and 
contribute to the preservation of their 
endangered species 


Imnric " lag | 
imprisoned as P 


The story of these orangutans’ lives 

before they arrived at the center is a sad 

but common one. Although orangutan 

trade is prohibited by international treaty, 

thousands of apes stolen from Borneo 

and Sumatra's deep rainforests live 

dismal, imprisoned existences throughout 

Southeast Asia. In many areas of Indone- 

sia, domesticated orangutans are a status 

symbol. But the large-eyed charmers make 

for less-than-suitable pets. Adorable at 

first, within a few years the apes grow into 

much larger, dificult-to-manage animals 

with the strength of several grown men. 
Orangutans that survive to this 

age can be surrendered 

to national authori- 


Sumatran 
orangutan 


pop. 7,300 


ties, The problem is that a youn 
utan who has grown up as a pet i 
а wealthy home has no ability to fer 
for itself in the wild 

Other orangutans arrive at Nya 
Menteng as babies—in 2006, the! 
received 89 of them—after their m« 
are killed by palm-plantation work: 
who are awarded a bounty for eac} 
they can eliminate. Orangutans h 
taken to raiding these agricultural от 
tions because logging has wiped « 
much of their natural habitat 

The main reason even wild b: 


need extensive training to survive 
natural habitat is that young orangut 
spend seven to nine years with their 
mothers, learning the ins and outs of 
in the rainforest. If their mother is kil 
before then, they're not ready to live 
their own. There's a lot to take in: The 
diet consists of fruit, flowers, leaves an 
bark from more than 400 different p 


which they must be able to distinguist 

from poisonous varieties to survive 

lescent orangutans must also learn wh 
time of year various trees flower or 


orangutan 


рор. 45,000-69,000 


Baby orangutans 
are popular pets in 
Southeast Asia, but 


at the Nyaru Menteng 
center they geta 
chance to return to 
the true life of an ape, 
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Borneo orangutans 
number in the tens 
of thousands, but 
their population is 
declining rapidly. 


bear fruit, and how to handle challenges 
like the durian, an infamous Asian fruit 
(and a favorite of the apes) that weighs 
more than two pounds and is covered 
with spikes. It looks more like a weapon 
from the Middle Ages than a meal, and 
getting at its juicy center requires expe 
ence. They also learn how to find and eat 
termites and honey. And food is just the 
beginning—apes must learn how to avoid 
poisonous snakes, climb, build nests, and 


countless other wilderness-survival skills. 


Welcome to Rehab 


That's where Lone Dróscher Nielsen, who 


runs the rehabilitation center at Nyaru 
Menteng, comes in. She and her staff 
serve as surrogate mothers to the orang- 
utan orphans brought to the center, 
Once a newcomer arrives at the 


center, it unde s an extensive me 


cal examination to check for disease and 
malnourishment. (Instead of a mix of figs, 
flowers, fresh leaves and insects from the 
rainforest, imprisoned orangutans may 
have been raised on crackers and tea.) 
Apes showing any indication of illness or 
disease are quarantined from the others 
until they have recovered. 

Next, the apes are divided according 
to age and ability. Orangutans younger 
than six months go to the nursery, where 
they play in a small forest area and sleep 
at night in cozy laundry baskets with pad- 
ding, pillows and blankets. In the wild, 
baby orangutans cling to their mothers 
constantly. To compensate for the lack 
an orangutan mother, each group of six 
young apes in the center is assigned two 
human caretakers who stay with them 24 
hours а day, even sleeping (and occasion- 
ally cuddling) in the same room. 
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School Is in Session 
The caretakers carefully note the « 
utans' progress and setbacks to de 
comprehensive idea of the apes' a 
When the little apes in the nursery 

аду, usually at around six mont! 
they move on to Forest School One, whe 
they are taught everything from how to 
climb small trees to how to open unyield 
ing fruits such as the durian. 

At this stage, the toddlers also acquire 
more advanced technical skills. Learning 
how to build their 
wild orangutans do ever 
the list. Each afternoor 
branches. To get the inexperienced apes 
started, the center provides each one with | 
a basket-like frame that just needs to be 
padded with branches. Fortunately, ora 
s, so the young 


n nest — something 
evening—t 


caretakers lay 


utans are expert тіп 
ones eventually learn the art of nesting ») 


observing their older and more competent 
cohabitants— Forest School One has apes 
up to three years old. At night, the orang- 
utans might sleep in their nests or return 
inside to sleep in their laundry baskets 

Every day, the caretakers bring the 
orangutans into a forest with larger trees 
than those in the nursery. Here they can 
move around freely, swing from the trees, 
forage for food, and build nests. The more 
time the apes spend in the trees, the 
better, because wild orangutans rarely 
descend to the ground. It takes practice 
to move acrobatically through the tree 
canopy, and it doesn't get any easier with 
age: Few branches can carry the nearly 
200-pound weight of an adult male. 

When the caretakers decide the orang- 
utans are ready, around age three, they're 
moved to Forest School Two. At this stage, 
they spend more time in the forest, hang 
out in bigger trees, and usually sleep out- 
side in their nests. They stay here until 
they're six years old. 

Finally they're ready for Orangutan 
University on one of three islands the cen- 
ter leases on the adjacent Rongan River. 
For the next two years, they essentially 
live as wild apes. They're not on their own 
yet, though: The center supplements their 
food and provides medical care if they 
become ill or are injured. 


| Lone Drüscher- ¥ JF 
Nielsen spends 
ime withthe st 
apes She works .. 
to rehabilitatei J 


Atthe center, 
orangutans 
teach each 


At age eight, the rehabilitated apes are 


considered ready for complete indepen- 
dence in the wild. Over 100 have reached 
that stage at the center, but have been 
awaiting a suitable forest area to become 
available to them. The apes can only be 
released into areas of Borneo with small 
orangutan populations; setting them free 
into areas with large groups of wild apes 


would disturb the natural order and create 
unfair competition. The perfect land has 
finally been located, and the center is in 
the final stages of gaining approval from 
the Indonesian government to release 

the apes. When that happens, Nyaru 
Menteng's rehabilitated orangutans will 
be swinging through the trees of Borneo, 
breathing new life into empty forests. ® 


LAVA RISES FROM THE DEEP 


The Big Island of Hawaii rises 33,474 feet above the floor of the 
Pacific Ocean and lies over an unusually warm part of the Earth's 
interior. This hot spot has produced the volcanoes that make up the 
Hawaiian archipelago. The three most recently active volcanoes— 
Kilauea, Mauna Loa and Loihi—rise out of the spot. Other, less- 
active and dormant volcanoes in the archipelago used to lie here 
as well, but the natural movement of the Pacific tectonic plate has 
carried them away to the northwest. This unusually detailed image 
was taken primarily in the infrared spectrum, allowing us to see the 
volcanoes’ hidden underwater bases. 
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THE IMAGE 


Satellite: Landsat 7 


Sensor: Enhanced thematic 
mapper plus (ETM+) 
| Color: Enhanced 


Germany's space-research agency, DLR 


view hard-tc 


ng data from high-tect 
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THE IMAGE 
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AMOUNTAIN 
DISAPPEARS 


At 16,024 feet, New Guinea's Puncak 
Jaya—known by mountain climbers as 
the Carstensz Pyramid—is the world's 
tallest mountain found on an island 
[its peak is in the small circle]. Intensive 
mining has caused great environmental 
damage to the unique area. The hole 
to the west of the peak [large circle] 
marks what used to be a second tower- 
ing mountain but is now Grasberg, the 
world's richest copper and gold mine, | 
The removal of 125,000 tons of ore has 
replaced the peak with a 1,300-foot 
crater. The shrinking remnants of three 
rare equatorial glaciers in fast retreat 
are also visible [numbered]. 


é Щ GLACIERS FILL 
AEN THE LAKES 


SU Warm weather and waning precipitation 
are causing the glaciers of the Patagonia 

region in southern Chile to retreat. 

At Ultima Esperanza Fjord, the “Last 

Hope” in Spanish, one glacier now 

flows into a lake, creating a stunning 

scene. Meltwater from the glacier's foot 

runs down into a valley, forming a lake 

that glows emerald-green from the 

minerals in the rock. Humid air blowing 

in toward the mountains cools when 

it reaches a certain altitude, creating 

clouds over the ice. 
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Africa's tallest peak, the volcano Kili 


A LANDSCAPE 


the surrounding plains, 


Satellite: Terra 

Sensor: Advanced Spaceborne 
Thermal Emission and Reflection 
Radiometer (ASTER) 

Color: Enhanced 


ICE HIDESA 
MOUNTAIN 


RANGE 


The highest peaks of Antarcticas 
Ellsworth Mountains, led by the 
16,066-foot Vinson Massif [in circle], 
poke through a blanket of ice created by 
the confluence of many small glaciers 
that make up the famed Ronne Ice Shelf. 
Constant frigid temperatures prevent 
the ice from ever melting. Instead, the 
glaciers continue all the way to the sea, 
their white surfaces broken only where 
the ice has pressed down over a sharp 
ridge. There, the ice splits and creates 
crevasses averaging 150 feet deep. 


MOUNTAINS 
MAKE WAY FOR 
AGLACIER 


Only a satellite image can capture the 
entirety of the gigantic Malaspina 
glacier, which spans 1,500 square miles 
on the southeastern Alaskan coast. 

The glacier can be seen here [in circle] 
flowing toward the coast through a pass 
between mountains. It carries large 
amounts of rocks and gravel with it. At 
its edges, where the ice melts, this mate- 
rial is deposited, creating a landscape 
called a moraine [brown area]. Summer 
vegetation fills a swath of land between 
the glacier and the Gulf of Alaska. This 
landscape typifies the more widespread 
glacial action during the last ice age. 


== 


Satellite: Landsat 5 
Sensor: Thematic mapper = 
Color: Natural 


THEIMAGE 
Satellite: QuickBird 


Sensor: Optical camera 
Color: Natural 


AVOLCANO 
ERUPTS 


Sicily's Mount Etna is one of the world's 
most active volcanoes. Its latest eruption 
began in 2002 and spewed ash and lava 
for months. The ash formed a cloud 300 
miles long that drifted east and was vis- 
ible from space. Etna, which has been ac- 


tive for more than 2.5 million years, is a 
composite volcano with a tall main cone 
consisting of ash, pumice and hardened 
lava ejected by the volcano. Unlike other 
similar volcanoes, Etna has more than 
one active center and possesses several 
smaller cones, which have formed on 
lateral fissures that extend down the 


mountain's sides. 


4 SNOW TOPS 
THE WORLD 


The expansive Himalayas are home to 
Mount Everest [in circle] —the highest | 
peak on Earth— which rises 29,029 feet 
on the border between Nepal and China. 
In this image of Sagarmatha National 
Park, the seasonal monsoon clouds are 
absent over the mountain range. Everest 
is covered by a fresh coat of snow this 
time of year, and the area is ready for 
thousands of visiting hikers. Over many 
years, the snow on the mountainsides 
compresses into ice, creating large 
glaciers that move down through 
valleys. When the ice melts, rivers 
form that will flow for hundreds of 
miles before reaching the sea. 
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AROCK WATERS 
A DESERT 


In the center of the Australian continent, 
Uluru, or Ayers Rock, rises 1,142 feet out 
of the dry plains, providing shade and 
water to plants and animals. The area's 
sparse rainfall trickles down the rock 
formation and drains out slowly to form 
little springs where plants can grow. 
Small amounts of oxidized iron embed- 
ded in the sandstone give Uluru its 
famous shifting color as the sun passes 
Over it. At sunset, the formation appears 
to glow red. In 1987, the rock along 

With the surrounding Uluru-Kata 

Tjuta National Park was designated 

à World Heritage Site. 


ACOLLISION 
CREATED THE 
ANDES 


The world's longest mountain range, 
the Andes, flanks the western coast of 
South America, which is colliding with 
ing the continents are lighter than the 
oceanic crust, the Andes rise up as the 
floor of the Pacific Ocean slides beneath 
South America at a rate of about four 
inches a year. In this image, the colors 
reflect altitude. The highest mountains 
are white, while the black bands along 
the coast represent the deepening sea. 


17 Нађ 


The HighTech Pirates 
Battle Against 
Almost every day, pirates attack ships around the globe, plundering goods 


and endangering crews. But shipping companies are investing in high-tech 
defensive hardware so sailors and their cargo can reach port safely 
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Almost two thirds of pirate attacks in the first 
nine months of last year were concentrated in 
just six coastal regions of the world. 


fter nearly three nerve- 
wracking months, five Danish 
sailors were freed last August, 
ending an ordeal that began 
when pirates captured the freighter Danica 
White off the Somalian coast. It wasn’t un- 
til the shipping line reportedly agreed to 
pay more than a million dollars in ransom 
that the crew was released. Although the 
sailors were unharmed, they had feared 


for their lives every day 


hiot 


If the notion of high-seas hijackings 


conjures images from Pirates of the Carib 
bean, it’s time to update your thinking 

In real life, piracy is far from any Disney 
movie. Worldwide, approximately 250 
ships are attacked every year, according to 
the International Maritime Bureau (IMB), 
a division of the International Chamber 


of Commerce. The waters off the coasts 


of poor ns and failed states, which 


ely lost control over their 


hav e effe ct 
territories and borders, are especially rav 
aged. For the past decade, the seas around 
Indonesia have been a favorite hunting 


Indonesia and Malaysia, until recently 


was one of the most pirate-plagued areas 
in the world. In the past year, though 


shipping lanes near Somalia and Nigeria 


MARCH/APRIL 2008 SCIENCEILLUSTRATED.COM | 69 


ctim of Piracy 


One of the world's best-known yachts- 


men, Peter Blake of New Zealand was 
shot and killed by pirates at the end of 
an environmental expedition on the 


Amazon River on December 5, 2001. 


His boat, the Seamaster, was anchored 


near the town of Macapa, Brazil —where 


the Amazon meets the Atlantic—after 


have become even more dangerous than 
it. And while the waters off Bangladesh 
are still some of the most dangerous in 


the world, better patrolling in recent years 
has reduced the number of attacks there 
considerably—down from 33 in 2006 to 
just 13 in the first nine months of 2007. 
Pirates aren't discriminating; some 
will steal anything, from watches to paint 
to food. They've also been known to take 
the ship itself, repaint it, and fabricate 
phony papers. Off the coasts of Nigeria 
and Somalia, kidnapping the crew is 
one of the most frequently committed 


crimes. Shipping companies almost always 


pay the ransom, which can range from 
$200,000 to $1.8 million. Pirates fetch the 
highest ransoms when their captives are 
citizens of Western nations. 

Today's pirates are professional 
criminals, armed with rocket-propelled 
grenades and machine guns. They track 
ships with GPS units, radar and radio 
direction finding—the triangulation of a 
radio signal's location using two or more 
directional antennas. Some shipping 
companies also suspect that pirates may 
bribe port authorities and shipping-line 
employees for inside information on 


spending three months on the river. 
When a team of river bandits boarded 
the vessel, the crew fought back. Blake 
grabbed a gun and wounded one of 

the pirates, but another shot him twice 
in the back. As many as 30,000 people 
took part in a 2001 memorial ceremony 
for Blake held in Auckland, New Zealand. 


ships' cargoes, positions and planned 
routes, although there are no confirmed 
incidents on record. 

But just as pirates use advanced 
technology, many of the ships that sail in 
dangerous waters are adopting high-tech 
devices that can ward off even the best- 
equipped criminals. 


A New Way to Yell“Mayday” 
Communication and identification are the 
first lines of defense. The French satellite 
company CLS offers ShipLoc, a system that 
consists of a satellite transmitter, GPS re- 
ceiver and small antenna, all packed into 
a watertight container. The unit, which 
crew members hide aboard the ship as a 
preventative measure, transmits a signal 
24 hours a day, sending the ship's speed, 
course and position to a central office. If 
pirates attack, the crew can trigger a silent 
alarm that alerts CLS, which then notifies 
the International Maritime Organization 
(IMO), a United Nations special agency. 
The IMO, in turn, notifies authorities near 
the ship's location. Meanwhile, ShipLoc 
continues to transmit a signal, making the 
hijacked vessel easy to track. 

Ships equipped with another tracking 
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tool, the Automatic Identification 


(AIS), use a radio transmitter that 1 1 


›гоа‹ 
casts to other vessels, the U.S. Coast Guard 
and port authorities, providing informa 
tion on the ship's speed, position, cours« 
and cargo. (In poor visibility, the system 
can also be used to locate nearby boats to 
avoid collisions.) Ships broadcasting the 
signal are generally deemed friendly, but 
it’s an imperfect system. AIS is required 
in American waters only for passenger 


ships over 150 tons and other vessels 
displace more than 300 tons; recreational 
watercraft, fishing boats and ships that 
never sail in American waters are un- 
AIS is a double-edg 


likely to use it. And, 


sword: Pirates could use the information it 
broadcasts to find a good target 

Visual surveillance by an unmanned 
aircraft is one of the most promising new 
tactics. UAS, Inc., 
ing a line of planes and blimps that can 


in Las Vegas is develop- 


watch over ships as they sail through 
pirate-plagued waters, or permanently 
patrol areas where pirates work. The first 
on the market is the Inventus, which is 
equipped with cameras that continuously 
send images to a land-based control 
center that can quickly dispatch patrol 
boats if a suspicious or unauthorized 
vessel is discovered. It’s also armed with 
remote-controlled air-to-surface missiles 
allowing it to help ward off attackers 
before patrol boats arrive 

This year, floating robots will also join 
the war on piracy. Leading the way is Palm 
Beach, Florida-based Marine Robotic Ves 
sels International. In 2003, the company 
first produced a prototype of a remote- 
controlled patrol boat called the Ghost 
Guard, It’s now been replaced with a 
commercial vehicle, the Interceptor. Using 
microphones, loudspeakers and cam- 
eras mounted on the robot craft, remote 
operators can question unknown ships 
and prepare for an attack if there 
for suspicion. If a robot boat's cameras 
witness a pirate attack, its operators can 
notify authorities from a distance. And if 
an attack can't be stopped, the boat ‘bot 
can track the pirates to land. 


's cause 


Fighting Back 
Observation, tracking and rescue go only 
so far, though. The world's oceans cover 


Maritime Tech 


18 million Eu Ens zn x та be Shock апа Sounds 
a long time coming. Although fast ship Keep the Wolves at Bay 


сап try to outmaneuver pirates, heavily 
laden freighters and liners don't have that If shippers want to evade pirates, they need to arm themselves 
option. Their crews must keep attackers at for combat. The available arsenal features everything from water 
bay through other means. саппоп to electric fences to high-tech scout boats and drones. 
One of the newest active defenses is 
Secure-Ship, an electrified fence produced 
by the Dutch firm Secure-Marine. The SHIPLOC 
fence is mounted on a ship's rails or sides у If attacked, the system activates a hidden 
transmitter that sends data on the ship's course 
r on back to a control center, 


if pirates try to climb aboard, they're 
welcomed with a 9,000-volt shock. It's 
not lethal, but it's a strong enough 
jolt to toss away attackers, To date, 
about 30 ships have been fitted 
with Secure-Ship. And according 
to Secure-Marine, the device has 
already thwarted at least one attempted 
boarding off the shores of Vietnam. 
Sound can also be an effective 
defense. "Acoustic barriers" made of 
powerful speakers that pump out noise 
at more than 125 decibels can confuse 
and frighten attackers, as the crew of the 
Seabourn Spirit can attest. Somalian pirates 
attacking the luxury liner in November 
2005 were repelled by the deafening noise 
from the ship's acoustic defense as 
they prepared to board. r 
When all else fails, some crews Ф „к HRÓÁÓ 
revert to a time-honored, low-tech 
method of defense: blasting pirates 
overboard with water from ship-mounted | 
firehoses. On small boats, a crew member | 
mans the hose during an attack, But if a 
pirate assaults a large tanker, he may ~Oudspeakers on a ship pump out 
meet his fate against a remote-controlled Aremote-controlled boat watches 125 decibels of noise—enough to 
cannon with up to a 300-foot range. s out for pirates, ready to warn ships 


An unmanned plane circles the 
oceans on the lookout for pirates. 


confuse and frighten attackers. 


a 


of an impending attack 


SECURE-SHIP 
A peinful 9,000-volt shock awaits pirates 
tte) try to climb aboard the ship. 


Powerful water streams knock 
pirates overboard. 
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3 v Under the Microscope 


` iologists have long faced a tricky problem 
[V when it comes to studying cells: The only 
way to see their inner workings is to kill 
them. Conventional observation methods 
are a bít like autopsies. You start with a dead plant 
or anímal and then peel back the layers to see 
what's inside. Scientists can get a general idea of 
what's in a tissue sample by cutting it into thin 
slices or liquefying it in a blender. But what if you 
want to see the cell in action to determine, say, 
how a hormone binds to a receptor to trigger a 
Nerve signal, or to watch how a plant transports 
sugar from leaves down to roots? These fascinat- 
ing processes, once impossible to observe, are now 
visible thanks to new imaging technology that lets 


researchers study living, breathing cells to see how 
life works on the mícroscopíc level. 


3 Advanced microscopes and sophisticated laboratory 

work have revolutionized our ability to observe the inner 

workings of a cell. Now scientists can see the smallest unit 
of life in action—without destroying it in the process 


and mitochondria – fluoresce beneath a micro- 
scope. To do this, researchers tag the component 
with a chemical that emits a bright glow 
in a particular color. : 
A critical breakthrough in this area came in 
^ 1994, when biologist Martin Chalfie, of Colum- 
ФУ" ДИ bia University extracted a molecule called green 
fluorescent protein, or СЕР, from a jellyfish. Using 
a technique called gene splicing, he inserted it into 
the DNA of two species, E. сой bacteria and nema- 
tode worms, allowing him to see the transformed 
cells. When GEP is illuminated with blue light, 
, ‘ it glows bright green, and this is precisely what 
Most cells divide and replicate through the process happened to the bacteria and nematodes. Research- 
of mitosis. Now scientists can observe the phenomenon ers refined Chalfie's gene-splicing techniques and 
in real time (steps 1-6). The cell's Ox is blue, and began binding СЕР to even smaller cell compo- 
the internal skeleton—or microtubules—arered. nents. A single neurotransmitter in the brain—or a 
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Using a glass needle, a researcher injects a marker into a neuron in the 
region of a rats brain responsible for processing smell. When interpreting 
a scent placed under the rats nose, the rat's brain cells light up, directing 
researchers to the cells specialized in interpreting the odor. 


Inside a High-Tech E. оона camera 


Microscope Semi-transparent а: * 


Laser revolving mirror 


A confocal scanning laser micro- \ “e Filter 


scope views samples section- 

by-section to create a series of 

images. A computer turns them 

into a 3-D representation of the Lens 
entire object. 


1. A laser emits blue light 2 e Fluorescent markers in the 
that's focused using lenses sample absorb energy from the 
and an adjustable mirror. It blue light and reemit it as green. 
passes through a pinhole The other molecules in the 

and hits a tiny area on the sample merely reflect blue light, 
sample. This eliminiates blur. which is filtered out. 
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3. A digital cam- 
era registers the 
green light as a tiny 
spot in the sample. 
Then the mirror 
turns slightly, to 
redirect the laser 
beam to a new spot 
until the whole 
sample is scanned. 


400 nanometers 450 550 


Under the Microscope | 


600 650 700 750 


Markers in Every Color of the Rainbow 


The visible light spectrum encompasses wavelengths ranging from 400 nanometers [violet] to 750 nanometers 
[red]. The longer the wavelength, the less energy the light contains. A fluorescent marker that absorbs blue 
light, for example, reemits it at a slightly lower energy level as green light. 


photoreceptor in the retina, or a protein in a cancer 
cell — could be made to fluoresce. 

GEP has so far proved invaluable in studying 
disease. Take, for instance, malaria. Scientists 
studied the possibility of producing sterile male 
mosquitoes to release into the wild, where they 
would be unable to produce more malaria-carrying 
insects. But they struggled to distinguish the males 
from the fertile females, which, if released where 
they could continue to produce offspring, would 
have worsened the epidemic. Genetic manipulation 
solved the problem. In 2005, researchers at Impe- 
rial College London developed a modified mosquito, 
in which the fluorescent GFP molecule was bound 
to a protein found only in the male mosquito's sex 
organs. The scientists produced mosquitoes in large 
numbers and then illuminated the larvae with blue 
light. The males had two bright spots of green near 
their tails, but the females didn't glow at all. Using 
a special device that detected the green spots, scien- 
tists could quickly sort the larval mosquitos by sex 
and release only the males into the wild. 


A Splash of Color 
Researchers have since moved beyond the green 
glow of the jellyfish protein and have found other 
proteins to use that fluoresce in different colors. 
This makes it possible to study several cell compo- 
nents at the same time, They have also found ways 
to bind the markers more firmly to molecules with- 
out disturbing their natural functions in the cell. 
How a protein functions depends almost entirely on 
its shape, like a key that fits into a lock. You can't 
change the long, thin end of a key without destroy- 
ing its functionality — but you can reshape the big. 
round part that you hold in your hand. In much 
the same way, scientists attach markers to proteins 
at specific positions that aren't critical to their 


New markers 
make it possible 
to study several 
cell components 
at the same time. 


function, so their ability to act within the cell 
isn't negatively affected. 
These biomarkers serve a host of different 
tasks, but they all share one thing in common: 
You need a fluorescence microscope to see them. 
Like a standard microscope, these specialized 
scopes have a light source built into them. But 
the light shines at a precise wavelength to cause а 
particular marker to fluoresce. Here's how: When 
the light hits the marker, the marker absorbs 
particles of light, called photons, and is boosted to 
a higher energy state. To return to its original state, 
the marker emits a detectable bit of light, causing a 
brief glow, and rids itself of the surplus energy. 
Because this second photon is slightly lower in 
energy than the first, it has a longer wavelength — 
and thus a different color— than the original light. 
When СЕР, for instance, is activated by blue- 
purple light with a peak wavelength of 395 
nanometers, it emits green light with a wave- 
length of 509 nanometers. 
Researchers are using GFP and its variants 
more and more frequently, but there are many 
other [luorescing markers that are not proteins. 
One of the most popular is a blue-glowing synthetic 
dye molecule called DAPI. Under normal condi- 
lions. this substance is only weakly fluorescent. P 
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Among Costa Rica's more prosperous citizens, it became styl- 


One of the few remaining spheres ish to place a Bola Grande in the front yard. Other spheres e 
that have been left in place. up in parks or in front of public buildings. And if they were in 
the way when farmers needed to clear a field, the spheres were 
moved or blown up. After rumors of gold hidden inside began 
to circulate, some people took to smashing them in hopes of an 
easy payday. Of the approximately 200 larger spheres originally 
discovered, fewer than 10 remain in their original locations. 
The creators left no written records of their culture or ways 
of life, nor is there any oral tradition about Las Bolas Grandes 
And because carbon-14 dating can be applied only to organic 
materials, researchers had to rely on archaeological contexts 
and other associated artifacts to determine that the spheres 
date from A.D. 400 to 1500. 
To the naked eye, Las Bolas Grandes appear to be perfectly 
spherical. This supposed precision, in particular, has inspired 
fanciful theories on their origin, including a connection to the 
mythical city of Atlantis [see "The Detective," above]. Individual 
spheres' diameters have been measured at several places and, ac 
cording to lore, these measurements vary by just millionths of an 
inch. In reality, some are off by more than a few inches. 


Shaped by Nature? 

Most of the spheres are made of granodiorite—a hard rock, 
similar to granite, that is found in the Talamanca Mountains of 
southern Costa Rica—and gabbro, which is similar to basalt but 
is less homogenous. A few are made of coquina, a hard variety of 
limestone. A possible sphere-manufacturing workshop is thought 
to have existed in the Diquís Delta in the southern area of the 
Pacific coast, but no historical record exists. 

Wild theories on the spheres origin abound, ranging from 
space projectiles to cast-offs from a volcano. Archaeologists hav 
been more reserved in their theories. Some believe that stones 
were rolled using wooden beams or polished where they were 
found. Others think they were shaped by the rivers and further 
chipped and polished by hand using chisels, hammers and 


iterials. Since the culture valued labor highly, 
ive action was thought to increase the spheres’ 
alates John W. Hoopes, an anthropology professor 
ity of Kansas. 
logist Ifigenia Quintanilla of the University of Bar- 
Believes the spheres were shaped using a fire-and-water 


а Masons could have heated a raw boulder with fire before 


it with cold water. The temperature difference would 
Jarge flakes to pop off, creating a rounded surface. 
stone tools, craftsmen could have further refined the 
lishing the surface. 
less of technique, making the stone spheres would 
П ар extremely labor-intensive process. So why did the 
to the trouble? 


the Heavens to Earth 
any of the spheres were set atop small mound 
suspected they were used in funeral ceremonies as a 


some 


THE BEST ANSWERS YET 


Archaeological context and artifacts suggest 
that the stones were made between A.D. 400 
to 1500 by pre-Columbian peoples. 


Granodiorite, gabbro and coquina stones can 
take on round shapes when alternating applica- 
tions of heat and cold are used to flake off chips. 


The stones may have been used to represent the 
constellations in the night sky, but no hard evi- 
dence to support this theory has yet been found. 


ot Quitea 
eavenly Body 


ne sphere shown here is one of the few 
re decorated. Now located in the National 
1m in San José, it sports a design that is 
y believed to resemble the stars in Pegasus, 
neda and other surrounding 
llations. One spiral on the sphere is 
tto correspond to the M31 galaxy. But 
1g to archaeologist Ifigenia Quintanilla, 
ceived astronomical pattern resembles 
2n on many naturally textured rocks. 
are, therefore, raises more questions 


nswers. 


e ball may represent 
egasus and Andromeda 
tions and the M31 galaxy. 


Ancient Riddles 


way to illustrate, along with offerings of gold and ceramics, the 
social status of prominent individuals. But no human remains 
have ever been found near the stone spheres' original locations 
А better guess is that they had some kind of astronomical 
function. Archaeologists described how the spheres were laid out 
in groups, often in triangular or square : s or in long rows 
oriented to the north, south or specific spots on the horizon that 
may have marked the location of the rising or setting sun at 
particular times of the year. The stones may have had a religious 
meaning for the pre-Columbian р ng in the area at 


oples li 


the time, who could have used the to represent the 


heavens on Earth. The spheres’ \ zes might even have 


corresponded to various constellations in the 


New spheres were found in the Diquis Delta j ast year, re 


newing interest in the mystery. If Francisco Cor the director 


of the National Museum of Costa Rica, is success those stones 
1 much bet 


currently serving as lawn ornaments will soon $ 


ter purpose: as an interactive tourist attraction in the delta. s 
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How to 


The animal kingdom boasts several 
species that can regenerate lost body 
parts. Now, thanks to an unexpected 
discovery in mice, limb regeneration 
could be on the horizon for humans 


Cells Become 
Body-Part Factories 
Limb and organ regeneration may 


bea reality within the next decade. 
Here's how it could happen: 


STEP 1: Doctors 
prevent skin cells from 
forming scar tissue over 
a wound. They then 
induce the cells to return 
to their embryonic, or 
stem-cell, stage. 


STEP 2: The stem cells 
develop into specialized 
cells, such as muscle, 
bone and fat, and begin 
dividing. Eventually, an 
arm starts growing out 
of the stump. 


STEP 3:Growth is rapid 
and continues until the 
new arm is the same 
length as the existing 
one. The regenerated 
limb ages normally along 
with the rest of the body. 
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er the salamander. 
When mishap or misadven- 
ire costs the amphibian a 

t a leg or a length of tail, 
obble along for the rest 
g do with its remain- 


for instance, can 
lost fins and scales 


250 pieces, and 
w into a complete 


98. Ellen Heber- 
immunology and 
dy of tumor 
Wistar Institute in 
studying a breed of 
athas an abnormal 
er lab assistant had 


er, she initially 
аа been а mix- 
tured. She 
iment and watched 
themselves over 
'twork and hair 
Шу normal. 
liately, Heber-Katz 


Lost in Evolution 
Experts in the field believe it’s likely 


that all animals possess the biologi 
cal machinery needed for regen 


eration. All embryos, for example 


heal wounds well into gestation 
Experiments done with animal 
embryos have shown that the ability 


to regenerate limbs is found early in 


development and gradually dimin 


ishes until disappearing before birth - 


A Hole in One, or Not... 


Mice used in experiments are often marked 
with a hole in one earto allow researchers to 
distinguish test subjects from control animals. 
Surprisingly, the MRL mice were able to close 
the holes without forming a scar. Blood vessels 
and hair follicles came back like new. 


So if regeneration is a fundamental 
characteristic found in most organ 
isms, and not some new trick that 

only a few species have developed 

why have we lost it? 

Mark Ferguson, of the UK Centre 
for Tissue Engineering at the Univer 
sity of Manchester, has a theory. Be 
fore the advent of modern medicine. 


most human wounds were dirty and 
couldn't be cleaned or treated effec- 
tively. That meant wounds needed to 
close quickly leading to a scar to 
prevent harmful microorganisms 
and bacteria from infiltrating. But 


scarring and regeneration don't mix 
A scar is a matrix of fibrous tis- 
sue, mostly collagen, that perma- 


nently closes a wound after a scab 
temporarily protects it. Skin cells 
form a film over the injury, while 
white blood cells combat with dan- 


gerous microorganisms. Finally, cells 
called fibroblasts accumulate at the 
site and synthesize collagen, the pro- 
tein that gives our skin its strength 
and flexibility. 

Fibroblasts can do much more 
than produce collagen, though, and 
it's their behavior that makes the 
difference between the creation of a 


scar and the growth of a new limb. 


Biologist David Gardiner of the Uni- 


versity of California at Irvine com- 


pares the role of fibroblasts with that 
of an orchestra director. In animals 
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Regeneration Pros 


Que ` E TN Spiders sometimes 
ES vett t E 

— Vr % | lose their legs when 

molting, but they 

usually grow back. 


— e Pn 


that regenerate, fibroblasts coordinate all 
М the other cells around the wound so that 
Injured zebra fish have the ability to regrow their spinal cord, they create an arm, for example, and not a 


retina, fins and even up to 20 percent of their heart. finger. But in mammals, fibroblasts igno; 


this responsibility and instead create 
tissue at the wound site 
When a human heart is damaged 
from a heart attack, for instance, a scar 
К E к РТ forms instead of new, viable muscle. Every 
torn-off arm; others require a e, ч year, tens of thousands of people die from 
pleceofthecentral bodyin order 19 RIT UM : э 06. complications related to scarring in the 
arie i 1 . a heart. Scarring wreaks havoc elsewhere 
Ў , i b, in the body as well: In the ovaries it can 
cause infertility, and on the cornea it can 
lead to blindness. The most important 
step toward regeneration, therefore, is 
to change the way the body reacts to a 
wound. We must find a way to stop our- 
selves from scarring 
Today, scientists are working toward 
coaxing wounds to develop a blastema— 
a clump of stem cells—instead of a scar. 
But there are major barriers in the way. 
It's no easy task to force the hly spe- 
cialized cells in most animals back into 
their stem-cell stage. And once scientists 
can successfully force the reversion of 
specialized cells into stem cells, another 
complication may arise. Our immune 
systems may mistake tl pidly dividing 
cells in the blastema for foreign tissue and 
attempt to destroy them 


We Have the Power 
What about the human finger, its tip 
Stags lose their huge cleanly sheared off in an unfortunate ac- 
antlers yearly inlate cident with a sharp object? In rare cases, 
fall or early winter but if it's kept clean and unstitched, it can 
grow anew, larger set grow back as good as new—especially in 
in time to battle for children under the age of 12. So why can 
potential mates. we perform this one small act of regenera- 
tion? Experts say it’s the accomplishment 
of a protein called Msx1 that's active only 
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nd seems to be more 
g childhood. Msx1 


lis allows a cascade 
ses, ending with the 
gertip, to take place. 
which proteins we 
gh every cell in the 
genes, they're not 
€. The Msx1 gene that 
otein is perma- 
mals—except in 
experiment using 
ark Keating, at the 
ell biology and medi- 
cal School, was able 
Msx1 gene. As 
jas produced, and 
into stem cells 
bone, cartilage 
in regenera- 
ed, and they 
mon: They 
y did during 


testorative Injury 
the Pentagon's 


J 


2 c 2 . 
irning from Lizards 
nanders are a good model for the regeneration 
researchers hope to create in humans 


experimental-technologies 
branch, are working to get a 
wounded mammal to form 
a blastema instead of a scar 
in a non-regenerating site 
by May. If they are successful— 
and are then able to replicate 
the process in humans— 
Scientists could potentially 
repair any wound without 
significant side effects. 
Another promising protein 
is TGF-Beta-3, which is active 
in the creation of skin during embry- 
onic development. After we're born, the 
amount of the protein in our cells declines 
dramatically, leading to the generation of 
more scar tissue. A British pharmaceutical 
company, Renovo, has conducted trials 
with a TGF-Beta-3-based product called 
Juvista, which they injected into human 
skin around fresh wounds. The treated 
wounds healed with less visible scarring 
than those that were administered a pla- 
cebo. It's another significant step toward 
a scar-free future in which limb and organ 
regeneration is possible. 


Frontiers o Mec cine 


DAY 1: ifa salamander 
loses a foot, the epidermal 
cells around the wound 
migrate in to close it with- 
out creating scar tissue. 


DAYS 5 TO 7: 


The various cell types revert 
to stem cells in order to 
form a blastema, a clump 

of cells that will later turn 
into a new limb. 


DAY 13: stem cells be- 
gin to rapidly divide as they 
develop into specialized 
muscle, bone or fat cells. 


DAY 31: Growth con- 
tinues until the limb is just 
as large as the one lost. The 
new limb is a perfect match 
for the old one. 


The gap between the salamander's 
ability to replace complex limbs on 
demand and the human talent for grow- 
ing new, scar-free flesh is a huge one, to 
be sure. But experts in regeneration and 
wound healing are quickly closing the 
gap. Ellen Heber-Katz predicts that in the 
next five to 10 years, we'll be able to re- 
grow fingers consistently, as well as dam- 
aged heart valves and spinal cords. Arms 
and legs could come a few years later. 
Within the next 50 years, she believes, 
any part of the human body will be 
able to replace itself. 8 
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1 
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* Includes unique, natural ingredient to help control hunger! 
* Delivered right to your door 


Tu 
E 


* Meals prepare in just minutes 


- 


n ge : 
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Auto-Delivery, you automatically receive your 28-Day program once every 4 f 
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1 28-рау program deliveries to receive the second free week. One additional 
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2 


fehigh up in the rain- 
е of webbed feet, a 

nong their aquatic peers. 

ies, Wallace's flying 

(Rhacophorus nigropal- 

$ webbing to an 

lying frogs have over- 

1 toes joined by 

C sudden branch- 

lee to ground move- 

earch of prey or in 
flying frogs 

ad their toes. Their 


e 
our Tone in 
ai language as a tonal 

pitch and pattern of 
jeanings. Thais distinguish 
even, low, falling, high and 
exactly the same can 
eanings depending 


иге Rarities: Size Matters 


lest mammal... 


d the record. The biggest 
d 97 feet long and weighed 


Oversized webbed feet become 


parachutes, allowing flying frogs 
to glide as far as 50 feet at a time. 


webbing acts like mini-parachutes, enabling 
them to glide as far as 50 feet in a single leap 
British natural historian Alfred Russel 
Wallace first described flying frogs in an 1869 
book after a trip to the Malay Archipelago’ 
rainforests. Other airborne amphibians have 
since been discovered, but at four inches 
long, the species that Wallace saw (and that 
eventually became his namesake) is among 
the largest flying frogs known to scientists. 


Thailand 


on their pronunciation. The word 'r 


instance, can mean “thic 


based on whether the tone rises, falls, or stays 


constant. Vowel length can also 


meaning. The tonal character of Thai makes 


ita challenging language for some to learn 


and the world's smallest 
The bumblebee bat, found only in 


Caves, has a wingspan of approximate 


body is just over an inch long. 


hailand's limestone 


75 feet 


The First 2 


Perfect Number f 


N 
> 


97 feet 
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Protons 


e e 
Zirconium 
Many artificial diamonds sold since the 1970s have 


been made of zirconium dioxide crystals, popularly 
known as cubic zirconia. 


Neutron 


Atomic ma: 


Most of the commercial zirconium produced from the mineral 
ziron is used as coating (also called cladding) for nuclear-reactor fuel rods. 


Powdered zirconium is highly combustible, making it a common 
ingredient in fireworks. 


Steollaritin 1 
Stellarium. org 


Turn your computer into a planetarium with 
this free program, which gives you a realistic 
image of the night sky as viewed with the naked 
eye, binoculars or a telescope. A highlight: 
mythological representations of constellations 
superimposed onto the stars. 


Icebergs on the Move cu 


Icebergs are normally associated with the melting. The southernmost position in 
polar regions—and the vast majority are the Northern Hemisphere that an iceberg 
found there—but numerous shipwrecks has been seen in modern history was only ON 
attest to the fact that they sometimes drift about 150 miles from Bermuda Р 
to warmer waters. The best-known vessel «39 за p 7 ( 
3 / NJ GREENLAND. 

to encounter just that fate was the Titanic, 3 о, СЩ X 
which rammed an iceberg about 400 ies Д pn pe 
miles south of Newfoundland Si i 8 * p ES 

The mammoth frozen bodies can be ve 
several hundred feet long, which means | come from a single variety tł 
it takes a long time for them to melt. They say is susceptible to a fur 
sometimes make their way from the poles | resistant breeds are being 


to warmer regions before completely 


In Europe, icebergs 
have been observed 
southwest of Ireland, 
and they can drift as 
far as Portugal's 
Azores Islands. 


are a few hundred yards lonc 
contain 25,000 to 40,000 g 


water on average 
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word of this discovery spread, 
orders from the scientific com- 


As 


Washington newspaper said they had over 50 


munity poured in. A major 
phone calls ranging from Los Alamos to Johns 
Hopkins: “Those machines do the seemingly 
impossible!" Livermore lab: “We heard 
about this discovery over a year ago, but 
couldn't find you so we called the U.S. 
Patent Office. We want your E5 machine.’ 
This man has PhD’s in EE, Quantum Physics 
and Chemistry. Edmonton Hospital M.D.: “7 
also have a PhD in Quantum Physics. You 
are light years ahead of everyone else. We 
are 1000% behind you!” 

Since we are engineers, not doctors, we 
keep the letters and medical reports. One of 


Y IMAGE 


AL FENN/GET 


the worst cases (the report from the oncologist 
ison file): The man had inoperable colon can- 
cer, tumors on the lung (lung cancer) and 


„CLASS ACTION LAWSUIT! 
With no medical warning labels, they hide 
problems (above) with 
C ]uences! Like cigarettes, 
out on industry billions! Even 
: are sold to the "Water Wise,” in 
f a gov't recall, that ruins lives while 


Will it kill 
— 


Hydrogen 
Bond е 


ОХХХ КМ (ЗЕ ENUM TUY KUTIS OLR (Лу, K. GULDBRANDSEN/SPL/FOCI, STOCK. SPL/FOCI;ISTOCK,; CLAUS LUNAU, 


bec consulted. 


“We can measure the ability 


lesions in the liver. This man was luc ky 


because the mans wife ts in the med 
field 


machines. You can see on the medical 


and knew about our 


ical 
chart because of the increased energy 
and blood flow: The moment the water 

got into the blood stream the CEA marker 
went down even before they started to 
treat him and every time they gave him a 
CAT scan the tumors became smaller until 
they disappeared! After breaking down the 
hydrogen bonds, cancer cells cant survive in a 
high blood oxygen environment. Also, when 
you open up the bond angle your blood can 
circ ulate morc oxygen coming into your lungs. 
Oxygen is coming in from two sources! That's 
why the CEA marker quickly drops! This also 
helps emphysema! 

Iypical MS victims: “Tn spite of medica- 
tion, by tbe time I received your machine I 
was in a wbeelchair and couldnt speak. 
Now, I am fine and they took me off medica- 
tion!” “You could put a needle in my foot 
and I wouldn't feel it. Blood flow came back 
in only two days!" 

ALS: “Т was told I was incurable. By 
the time I received your machine my fingers 
were frozen solid and they were spoon feed- 
ing me. Now, I am writing you this letter 
sbowing I can move my fingers!" 

It saves diabetics...blood flow. Since 
blood flow can easily be measured, you dont 
need double blind studies and we have no 
honest critics because all they have to do is 
these simple tests! 9796 of all men will eventu- 


Name 


Address 
City/State/Zip 


IMEDICAL DISCOVERY! 


Our home water machine is the only product in the world that increases blood flow by rapidly 
reheating water 100's of times/gal, breaking down the hydrogen bonds so your body doesn't 
have fo...with fantastic results (Diabetics, MS Victims, etc.) II Dr. Guy Abraham, M.D. (UCLA): 
of blood (94% water) to go through 

a membrane and into the cells. Nothing comes close to your water! 
Instead of a 104° hydrogen bond angle, yours is 114°!” (See below) 


Listen to «a toll free recording at 1-800-433-9553 
TRY A BOTTLE OF WATER! 


Just add a few drops to whatever you ore drinking or buy a 


X machine ond make ай of your own drinking water! Shipped in a 


gloss bottle, corked and shrink wrapped like champagne! 
Just $29! ips s10 shipping) 


2 Send your check, money order or credit card order for $39 to: 


Crystal Clear, 143 Old Quarry Road, Shohola, РА 18458 
or call 570-296-0214 / fax 570-296-6912. 

for information ond machine orders: 

call 845-754-8696 / fax 845-754-7866 

| a "MSO AVAILABLE AT BETTER HEALTH FOOD STORES! 


dd n 2 A 


ally have a swollen prostate and this water 
passes through very easily, eliminating stop- 
start morse code. Results are immediate unless 
there is a tumor blocking the flow, then it takes 
longer (above). 

Our water also kills pathogens when 
the purest water won't! If you look at our 
website johnellis.com you will see signed let 
ters from Organa and the State of Colorado 
with an “untreatable” municipal waste lagoon 
Dole International knows it works better than 
chlorine that harms the environment! Dr. Guy 


Abraham M.D., 
deserve a lot of credit for alerting the medical 


his colleagues and others 


and scientific world about our machines! 


Learn more! It may save your life! 


Call us for information 845-754-8696 
or fax your name and address 
to 845-754-7866. 


WRITE FOR FREE INFORMATION 


information you are providing is for educa- 
ly. As stated above, this information is not 
treat, cure or prevent disease. In all 
‘situations, qualified healthcare professionals 


*-/ 


AL CLEAR Dept. 511106, Westbrookville, NY 12785 Visit our website: www.johnellis.com 
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Drei de 


Name me this 


| invention: 

2 

[ск 1 
Мате e this 


In the U.S, the cash 
value of this plant's 
crop is second only 
to сот. 


It's an alkaline earth 
metal with an atomic 
weight of 226. On 
the periodic table, 

its atomic number 

is 88. 


Frank Whittle, an 
Englishman, is usu- 
ally credited with 
the invention of this 
aircraft propulsion 
system. 


The Tropic of 
Capricom crosses 
this nation, which 
lies in the Southern 
Hemisphere. 


It revolves around 
the sun every 164 
years, and the 
average radius of 
its orbit is about 
28 billion miles. 


After 27 years 


of at Nelson Mandela is freed. Four 
years later, he is elected the country's president. 


The space shuttle Discovery 
[pictured here] places the Hubble Space 


Telescope into orbit. 


During 


the construction Dore Channel Tunnel linking 
England to France, French and British workers 


finally join the tunnel today. 


Your score: 
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It accounts for 80 
percent of edible fat 
and oil consumption 
in the US. 


It was discovered 

in what is now the 
Czech Republic 

in 1898 and first 
extracted from pitch- 
blende, a mineral. 


The first test of this 
invention was in a 
German aircraft on 
August 27, 1939, 
just a week before 
the official start of 
World War ll. 


Almost all its large 
cities—Darwin, 
Cairns, Adelaide, 
Brisbane, Perth— 
are on the coast. 


Much of what we 
know about this 
planet comes from 
the Voyager 2 space- 
craft, which flew by 
itin August 1989. 


Correct 
year 


+ 2 years 
+ 4 years 


+ 6 years 


Vegetarians often 
turn to its products 
for protein. 


Until the late 1960s, 
it was used to 
produce radiolumi- 
nescent paint that 
made watch dials 
glow in the dark. 


Most models of this 
engine use a gas 

turbine powered by 
internal combustion 


The country is 
famous for its euca- 
lyptus trees and its 
rich fauna, including 
koalas, dingoes and 
kangaroos. 


The planet is named 
after the Roman god 
ofthe sea. In Greek 
mythology, the 
same god is named 
Poseidon. 


ts used to make 
foods such as tofu 
and margarine, and 
its fresh beans are a 
Japanese appetizer 
called edamame. 


Pierre and Marie 
Curie and their 
assistant, Gustave 
Bémont, discovered 
this radioactive 
element. 


Since 1939, this 
aircraft engine has 
increased in power, 
and it has now 
mostly replaced old 
propeller engine 
models. 


Arthur Phillip, a ship 
captain, founded 
this country's Port 
Jackson, also called 
Sydney Harbour, on 
January 26, 1788. 


In Latin, the name 
of the god ended 
in cus“ It now ends 
in tune: 


It can be processed 
into a brown fer- 
mented liquid called 
SOy sauce 


In chemistry, the 
element is abbrevi 
ated Ra, and its 
name comes from 
the Latin radius, 
which means “ray” 


Air is sucked into 
the front of this 
engine, while hot 
gases are expelled 
out the back. 


ts the only 
country that's 
also a continent. 


It’s the eighth planet 
in our solar system. 
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ADVERTISEMENT 


to all the natural laws provided by 
Ver or whatever created natural laws. 


d by the late Richard W. Wetherill and 


book Tower of Babel published on 


ioral law requires people to think 
is logical, appropriate, and moral. 
ever or whatever created natural 
ple to behave rationally and hon- 
in ways that cause chaos and suf- 
e human race. 
owledge, people have felt free to 
Шие the environment, abuse chil- 
edible dishonesty, and in other 
ously. 
the guidance enabling people 
dented joy and success with all 
endeavors. Choice 2 causes ev- 
or a person who does not con- 
natural law. 
lend to blame outside factors when 
al results, as comparatively few 
them. Getting that few pio- 
behavioral law, despite criticism 
took nearly half a century. 
nforming to the law was truly 
h situations formerly labeled 
hinking that causes such situ- 
еп it is properly identified. 
organ of thought inside our 
metions, and unless irrevo- 
idy occurred, those unknown 
wn, and then eliminated. 
ple would often prefer to die 
that their conscious and un- 
could be ruining their lives. 


Richard W. Wetherill 
1906-1989 


People understand that they must conform to laws 
of physics and sometimes resist learning of the law of 
right behavior because its implications clearly show 
that the majority of people’s problems and trouble are 
self-inflicted. 

Inasmuch as it usually takes a calamity to get the 
public’s attention for a needed behavioral change. this 
advertising is intended to draw attention to the calam- 
ity that has long been accepted as just a part of life. 

Have you ever questioned why people are born to 
die? Are they born to die or instead are they born to 
live rational, honest lives? Would a creator of life de- 
stroy life? Creation calls for the continuance of life: 
not for its destruction. 

This writing attempts to explain that natural laws 
provide guidance for people's robust health, congenial 
relationships, and successful activities. 

As we conform to each of creation's laws, what- 
ever results extends that laws creative intent. When 
we act on our motivation based on wants and don't 
wants, likes and dislikes, the intent of creation is 
blocked; and it is the blocker who suffers. A lifetime 
of blocking the intent of nature's behavioral law ul- 
timately causes the seemingly inevitability of a per- 
son's death. As people drop human motivation and 
adopt the intent of creation's behavioral law, they 
begin serving the true purpose for their existence 
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Home Examination: Money- 
Back Guarantee. NO un- 
ordered “оп approval" 
coins sent. To order by credit 
card, call the toll-free number 
below. Or send a check or money 
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International Coins & Currency 
62 Ridge St., Dept. 4871 
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Montana State University — Bozem 


Home to one of the largest collections of dinosaur fossils in the world, 
Museum of the Rockies features the new Siebel Dinosaur Compl 
designed by world-renowned dinosaur paleontologist and scienti 
advisor to the Jurassic Park films, Dr. Jack Horner. 


Visitors can experience 
* the world's largest T. rex skull 


* the T. rex bone that produced 68 million- 
year-old soft tissues, blood vessels and prot 


* a dozen new species of dinosaurs that can 
only be seen at the Museum of the Rocki 
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MUJIU/ 


ONAL GUIDE TO GREAT MUSIC 


ПЕКПАСЕ SOUTETY 


PRESENTS 


fî THE GREATEST RECORDINGS IN HISTORY” 


Gottschalk: The 
Banjo & Other 
Creole Ballads, Cuban 
Dances, Etc. #5173128 


Vol. 1 


Hallelujah and Other Great Sacred 
Choruses #5173137 


#5137391 


Callas—La Divina, 


Р URCHASE OBLIGATION! YOUR COMPLETE SATISFACTION GUARANTEED! 


Music of the Oriental Jews From North 
Africa, Yemen & Buhkara #5160847 


Maria Callas: La Divina, Vol. 2 
#5175699 


Handel: Messiah (Complete) 
2 CDs #5271423 


Bach: The Four Great Toccatas & 
Fugues #5164263 


Wynton Marsalis: The London Concert 
#5168465 


Bach: Violin Concertos #5175957 


Mozart: Requiem #5142983 


Van Cliburn in Moscow #5156530 


Masterpieces of the Classical Guitar, 
Vol. 2—Renaissance & Baroque Music 
#5182949 


Boyce: The Eight Symphonies #5185026 


The Complete Rags of Scott Joplin 
2 CDs #0706123 


Four Centuries of Spanish Guitar 
#5171479 


The Chopin Collection: The Nocturnes 
2 CDs #5238700 


2 
24 Caprices with 
Eliot Fisk 
#5168581 


Rachmaninov: The Complete Piano 
Concertos 2 CDs #5269187 


Joplin: The Easy Winners #5139951 


Mozart: Vespers #5153266 


Dave Brubeck: Time Out #5164423 


The Danny Boy Album #5160856 


а: li 
for a total of 5 CDs (sets count as 2 or 3 


NAME 


ADDRESS 


CITY 


STATE 
E-MAIL 


ion whatsoever during my 90-d. 


Fiddle Faddle—15 Favorites by Leroy 
Anderson #5179177 


A TRADITION OF EXCELLENCE SINCE 1964 


— Valentine #5 


Viva Mexico 25132967 | 


Mariachi Sol 


Magic of the Paraguavan Harp & the 
Indian Flutes #5145583 


| 
Oscar Peterson Trio: We Get Requests | 
85142465 | 

| 


Balalaika—Russia’s Most 
Tunes #5147460 


Beaut 


The Scots Guards— Pi 
25153509 


рез and Drums 


Carreras, Domingo, Pavarotti: A Tenors 


U.S. Marine Band: Sound Off 25155575 


Peter & the Wolf, The Toy Symphony, 
Nutcracker Suite #5171273 


Brahms: Sonatas Nos. | & 
Piano #5156352 


or Cello & 


Masterpieces of the Classical Gaitar, 
Vol. 1—From Renaissance Lutanists to 
the Classic Virtuosi #5182958 


Dvorak in Prague Celebration with 
Yo-Yo Ma $5168634 


Powwow Songs: Music of the Plains 
Indians $5166949 


Celtic Lullaby #5148950 


MUSICAL HERITAGE SOCIETY 


1710 Highway 35, Oakhurst, NJ 07755 


YES! Please send the 5 CDs indicated in the 
© processing fee. Enroll me as a Soc 


ety M 


(p. Write item numbers in the boxes on 


Ds as indicated 


*08AL901 


U.S. Marine Band: Uncommon Valor 
25155666 


The MHS Guarantee is simple. 

If you are not completely 
satisfied with this order, return 
any item within 10 days for a full 

merchandise refund. 


10-Day Trial Offer 
SEND NO MONEY 
WE'LL BILL YOU LATER 


he night 


Brain Trainers 


1 What letters go in the empty boxes? | 4 How many numbers are there in the ſongest consecu- 
f tive series of prime numbers around this dartboard? 


ES Do this problem in your head. Subtract the combined 
total of 4,000; 1,100; and one half from the com- 


———— —— = - — — — —: 
E What number goes under the last clock? E What number is next in the series? 


| | 
GIN) 11121 1211 1112212 
22 54 28 | 


2 


\ 


True orfalse: 


Headbreakers E an des 


board in pieces along 
Arrange the numbers 1 through 19 Ича зо fat 
in the circles so that the sums of the SSPE SERM LESSE 
horizontal and diagonal lines are the same. many squares of one 
color as the other. 


form a square 
and four triangles. Can 
you move six sticks to 


9 ——9 19 
create three squares and 
E Whatnumber belongs in the blank space? erty p 
323543 46656 3125 2 2—2 = 
ү 


Answers appear оп page 94 
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Colorado Mountain College offers: . | | 


A © Associate of Science degrees in life science, earth science, = 
1 physics a and chemistry with the ability to transfer to Colorado 
> colleges and universities, 


trado Mountain College. Where science ives - : 4 
ntn.edu | 1-800-621-8559 Ck 


И Everyone can appreciate technologies that go from gas- friendly to gas-free. 
That's why Chevy” offers seven models with an EPA estimated 30 MPG highway or better* plus more vehicle choices. oda 


| than any brand that сап run on cleaner-burning, mostly renewable E85 ethanol! It's also why we'll introduce both: Malibu b 


everyone can appreciate, Find out more at chevy.com AN AMERICAN REVOLUTION 


€ anvo 


FUEL EFFICIENCY EBS ETHANOL HYBRID ELECTRIC FUEL CELL 


"Based on EPA estimates and Segmentation. 1Е85 is 85% ethanol, 15% gasoline. For more info or to find an E85 station near you, go to chevy.com/eBS. **2008 Tahoe Hybrid and 2008 Malibu Hybrid 
limited availability starting early 2008. f t Concept Chevy Volt not available for sale. ©2007 GM Corp. Buckle up, America! 


